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Chemical concentration is given only in metric units; milligrams per
liter or micrograms per liter .

Milligrams per liter is a unit expressing the
GROUND WATER IN THE SOUTHEASTERN UINTA BASIN,

concentration of chemical constituents in solution as weight (milligrams) of
constituent per unit volume (liter) of water.

One thousand micrograms per

liter is equivalent to 1 milligram per liter .

For concentrations less than

UTAH AND COLORADO
By
Walter F. Holmes and Briant A. Kimball

7,000 milligrams per liter, the numerical value is about the same as for

ABSTRACT

concentrations in parts per million.
Chemical concentration in terms of ionic interaction values is given i n

milliequivalents per liter.

Milliequivalents per liter is numerically equal

The potential for developing oa-shale resources in the southeastern
Uinta Basin of Utah and Colorado has created the need for information on the
quantity and quali ty of water available in the

to equivalents per million.
Water temperature is given in degrees Celsius (oC), wh i ch can be

Ground water in the soutteastern Uinta Jasin occurs in three major

°F=1.8(oCl+32.

aquifers.
A geodetic

datum derived from a general adjustment of the first-order level nets of both
the United States and Canada t formerly called mean sea level.

This report describes

source or supplement of water supply for an oil-shale industry.

converted to degrees Fahrenheit (oF) by the following equation:

National Geodetic Vert ical Datum of 1929 (NGVD of 1929):

a~ea.

the availability and chemical quality of ground water, which might provide a

Alluvial aquifers of small areal extent are present in valley-fill

deposits of six major

drainag~s .

Consolidated -rock aquifers include th.

bird I s -nest aq uifer in the Parachute Creek Member of the Green River

Formation. which is limited to the central part of the study area; and the
Douglas Creek aquifer, which includes parts of the Douglas Creek Member of the
Green River Formation and parts of the intertonguing Renegade Tongue of the
Wasatch Formation; this aquifer underlies most of the study area.

The alluvial aquifers are reoharged by infiltration of streamflow and
leakage from consolidated- rock aquifers .
about 32 , 000 acre- feet per year.

Recharge is estimated to average

Discharge from alluvial aquifers, primarily

by evapotranspiration, also averages about 32,000 aore- f eet per year.

The

The flow model was used to evaluate the potential ground-water supply
available for oil-shale development in the vicinity )f the Federal lease
tracts Ua and Ub.

The results of the simulation indicate that the bird's-nest

aquifer could supply about 10,000 acre-feet of water per year at that Site,

estimated volume of recoverable water 1n storage 1n alluvial aquifers 1s about

for a period of 20 years.

200,000 acre-feet .

feet near the simulated well field.

Maximum yields to individual wells are less than 1,000

Drawdown after 20 years of pumpi ng would exceed 250
Based on the results of the model

simulation, it is estimated that the aquifer could simultaneously supply

gallons per minute.
Recharge to the bird' s-nest aquifer , primarily from stream infil trati on
and downward leakage from the overlying Uinta Formation, is estimated to
average 610 aore-feet per year.

Discharge from the bird ' s-nest aquifer, whioh

another 10,000 acre-feet of water per yea r· in the northern part of the study
area t but some interference between well f ields could be expected.

The Douglas Creek aquifer is recharged by precipitation and stream

is primarily by seepage to Bitter Creek and the White River, is estimated to

infiltration at an average rate of about 20,000 acre-feet per year.

be 610 acre-feet per year.

is estimated to be about the same and is primarily through springs and di ffuse

The estimated volume of recoverable water in

storage in the bird' s-nest aquifer is 1.9 million acre-feet.

Maximum yields

to individual wells in some areas may be as much as 5,000 gallons per minute .
A digita l -computer mode l of the flow s ystem was used to evaluate the
effects of oil-shale development on the bird' s-nest aquifer at the Federal
lease tracts Ua and Ub.

Results of model simulatit)ns indicate that durinG

seepage .
acre-feet.

Discharge

The estimated vo lume of recoverable water i n storage is 16 million
Ma ximum yields to i nd i vidual wells are estimated to De less than

500 gallons pe r minu t e.

A model of the flow system in the Douglas Creek aquifer indicates that
the aquifer could supply about 700 ac r e - feet of water per yeor for oil-Shale

construction of a vertical access shaft, a pumping rate of about 900 gallons

development at Federal lease t r acts Ua and Ub and at the TOSCO Corp. site.

per minute would be required to dewater the aquifer.

After 20 years of pumping, water levels in production wells would be near the

The model also indicates

that the construction of a proposed reservoir on the White River may ra ise

base of the aqu i fer.

water levels in the bird' s-nest aquifer near the reservoir site by as much as

estimated that the aquifer could supply another 100 acre-feet of water per

Based on the results of the model Simulation, it is

45 feet .

year 1n the southern part of the modeled a rea, but some inte-ference between

wells could be expected.

1·

Chemical quality of the ground water in the southeastern Uinta Basin
varies considerably.

Water from alluvial wells ranges from about ~40 to

27 ,BOO milligrams per liter of dissolved solids.

Water fNm two consolidated-

Changes in chemical composition of the ground water can be attributed to
several physiochemical processes, including mineral preCipitation and
dissolution, oxidation and reduction, mixing, IG ~' exchange, and evaporative

rock aquifers has dissolved-solids concentrations ranging from B70 to 5,Bl0

conce ntration .

milligrams per liter in the bird' s-neot aquifer, and from 6~0 to 6,100

account for the variability in the ground-water quality .

milligrams per liter in the Douglas Creek aquifer.

Water from alluvial wells

generally i s a sod i um sulfate type, whereas water in both the consoH datedrock a quifer3 gene rally
bi carbonate type.

hanges from a sodium sulfate type to a sodium

All ground water is very alkaline, and the alluvial

a quifers contain very hard water.

None of the water is suitable for public

Mass-transfer modeling of these processes shows how they can
The mass-transfer

model of the Bitter Creek alluvial aquifer shows that evaporative
concentration, combined with prec i pitation of calcite, dolomite, gypcum, and

release or' carbon dioxide to the atmosphere results in the documented changes
in pH and dissolved solids in the water.

The water-quality changes in the

consolidated-rock aquifers are a result of precipitation of calcium carbonate

supply, but all the water could be used for industrial purposes such as

and perhaps dolomite (calcium magnesium carbonate) with the reduction of

wa Shi ng and cool i ng.

sulfate by organic carbon, as well as ion exchange of magnesium for sodium.

Thes e processes result i n large value s of pH and alkalinity i n the water.

INTRODUCTION
The increased demand for 011 has renewed interest in developing the oU
shale of the southeastern Uinta Basin, Utah and Colorado , which has been
reported to contain more than 53 billion barrels of oil (Cash ' on , 1967, p. 1).
The potential for developing the oil shale has created the need for
information on the quantity and quality of water in the area.

As a result,

Figure 1.--Location of study area and proposed areas of oil-shale mining,
1979.

the U aS. Geolog1~al Survey began a comprehens i ve study of water resources in

the southea'stern Uinta Basin in October 1974, in cooperation with the U. S.
Bureau of Land Management a.nd the Utah Department of Natural Resources,
Di vision of Water Rights.

This report, as one product of the comprehensive

study , describes the availability and chemical quality of ground water, which
might provide a source or supplement of water supply for an oil-shale
industry.

The locations c. f the study area and proposed areas of aU-shale

mi ni ng as of 1979 are sho.", i n figure 1.

fl gure 1 (caption on next page ) near here .

l'

19

To achieve the objectives of the study, 6 deep wells and 33 shallow
wells were drilled, in which water levels were measured and from which samples
for chemical analyses were obt ained during 1976, 1977, and 1978 .

Additional

data were obtained from 37 e dsting wells and 39 springs during the same
period.

The location of ground-water and selected surface-water mon itoring

Figure 2 . --Ground-water and surface-water monitoring sites.

sites in the southeastern Uinta Basin are shown in figure 2 .

Figure 2 (caption on next page) near here.

The cheDl1cal and hydrologic data obtained during the study are given in Conroy
and Fields (1977), Conroy (1979 and 1980), Holmes (1980), VTN, Colorado, Inc.
(1977), and White River Shale Project (undated).

2,

2•

All the well-, spring-, and surfaoe-water data sites lDentioned in this
report are identified by site nUlDbers as used in the following repor ts
oontaining the data oollected at those sites:
Conroy (1979 , 1980) , and HollDes (1980) .

Conroy and Fields (1977),

The systelD of nUlDbering wells and

springs is based on the cadastral land-survey systelD of the U.S . GovernlDent.
The number, i n addition to designating the well or spring, describes its
position in the land net .

By the l and-survey system, Utah is divided into

four qUldrants by the Salt Lake base line and meridian, and these quadrants
are de: ignated by the uppercase letters A, B, C, and D, indicating the
northea !lt I northwest I southwest, and southeast quadrants, respectIvely.

NUlDbers designating the township and range (in that order) follow the quadrant
letter, and all three are enclostJ in parentheses.

The nUlDber after the

parentheses indicates the section and is followed by three letters indioating
the quarter section, the quarter-quarter section, and the quarter-quarterquarter section--generally 10 acres,_/ the letters 3, b ,

0,

and d i ndicate,

I Although the basic land unit, the section, is theoretioally 1 square m11e,
Such sections are subdivided into lO-acre
tracts I generally beginning at the southeas~ corner I and the surplus or
short age is taken up in the tracts along the north and west sides of the
section.

many sections are i rregular .

respectively, the northeast I northwest, southwest I and southeast quartors of

each subdivision.

The number after the letters is the ser ial number of the

well or s pring within the 10-acre traot; the letter S preoeding the serial
number denotes a spri ng.

If a well or spring cannot be located within a 10-

acre traot, one or two location letters a.re used and the ser ial number is

omitted .

Thus, (D-l0-22)10ada-l deS igna tes the first well construoted or

visited in the

NE~SE~NE~

seo . la, T. 10 S ., and R. 22 E. , and (D-15-24)10bod-

S1 designates a sDring i n the

SE~SW~NW~

seo. 10, T. 15 S., R. 24 E.

For

sites located in half townships, the letter T preoedes the spring or well
number .

Thus . T(O-1 5- 21) 36adc - S 1 designate. a spring in T. 15; S .

numbering system is illust rated in figure 3 .

Figure 3 (caption on ne xt. page) near here .

The

Figure 3.--Well- and spring-numbering systelllS used in Utah and Colorado.

In Colorado. the well- and spring-numbering system also is based on the

Climate

cadastral land-survey system. and in the Uinta Basin area the system is
referenced to the base line and the Sixth principal meridian and is identified
by the prefix letter S.

Thus. spring S(C-5-104)27dad-S1 is in the SE~NE~SE~

sec . 27. T. 5 S •• R. 104 W• • Sixth prinCipal .. eridian (fig. 3).

In Colorado

At lower altitudes the climate of the basin is semiarid, with hot, dry
summers and occasional intense thunderstorms .
subhumid climate.

Higher altitudes have a

Normal annual precipitation (1941-70) ranges from about 8

inches at lower altitudes to about 20 inches in the Roan Cliffs to the south

records. s pri ngs are not identified by the lett!"r S preceding the serial

(S. D. Waltemeyer, U. S. Geological Survey, written commun., February 1 ,

number; but in this report. springs are so designated in order to clearly

1980).

above 6,000 feet, with subsequent spring runoff from snowmelt.

identify the hature of the water source.
Records of streamflow at gaging stations are listed in downs tream order.
Station numbers are designated by the Geological Survey for regular streamflow
stations.

account for the entire early discharge of a small ephemeral stream.
General Geology
The Uinta Basin contains a thick sequence of sedimentary rocks ranging
in age from Precambrian to Tertiary.

PHYSICAL SETTING

entire sequence.

Physiography
The southeastern Uinta Basin has an area of approximately 3.000 square
miles in Utah and Colorado (fig. 2) .

The White River and Willow Creek,

tributaries of the Green River t drain most of the area .

i ntersect a broad plateau to form bench like mesas.

These dra inages

have been described by Cashion (1967).
discussed here .

Desolation Canyon, is about 4,600 feet above the National Geodetic Vertical
The land surface gently rises to the south, reaching a maximum

altitude of about 9,500 feet in the Roan Cliffs at the southern edge of the
Willow Creek and the tributaries of the White River trend

northerly, forming steep-walled canyons 500 to 1,000 feet deep and as much as
5 ,500 feet wide, making travel difficult throughout the area.

Osmond (1965) pre" ents a review of the

The rocks that are exposed 1n the southeastern Uinta Basin

Only the exposed rocks will be

The lithologic and water-bearing properties of the geologic

units exposed in the study area are summarized in table 1.

The altitude of the land

surface at its lowest pOint in the study area, on the Green River i n

Datum of 1929.

At lowe r

altitudes, in the northern part of the area, a single s ummer thunderstorm may

Water-quality and sediment stations operated at the streamflow-

gaging stations are assigned the same number.

study area.

Winters are cold, but snow generally accumulates only at altitudes

Table 1 (next page) near here.
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The Tertiary rocks were deposited in a lake and by the rivers that
flowed into it.

Bradley (1929, 1931, 19q8, and 196q; Bradley and Eugster,

1969) has been foremost 1n d. , oribing the depositional history of the lake,
which he named Lake Uinta (Bradley, 1929, p. 88).

During the Eocene Epoch,

Lake Uinta increased in size and finally

eced.d , leaving a lens of lacustrine

deposits surrounded by fluvial deposits.

The lake c hanged in size and shape

many times; and as a result, the lacustrine deposits also inter finger with the
fluvial deposits .

This interfingering between the lacustrine Green Ri ver

Formation and the fluvial Wasatch Formation is shown in figure q.

Figure q (caption on next page) near here.

The general depositional setting of the Tertiary rocks has been divided
into three main environments.

Picard and High, (1972, p. 2705) have

classified these environments as fluvIal, fluvial and lacustrine-deltaic, and

lacustrine deep-water .

This general depositional history resulted in

primarily fluvial sandstone in the southern part of the area, grading to
siltstone and marlstone of the lacustrine deep-water environment in the north.

27

Figure q •• --Diagrammatic geohydrologic section of part of the southeaste" n
Uinta Basin showing d i rec tion of ground-water movement. (Geology after
cash ion , 1967 . )

The fluv1al and ouch of the fluv1al-deltalc env1r onments are

by the Wasatch Format10n, particularly the Renegade Tongue, ShOWl: in figure ~.
The rocks of the Renegade Tongue are mostly mas.ive channel-filling sandstone

."d siltstone

from ,he river flood plain. .

These rocks reach a maximum

th1ckne •• of 1,000 feet at the .outhern boundary of the study area, they thin
to less than 100 feet 1n the vic i n1ty of Bitter Creek near well (0-1323)26tdc -1 (rig . 2) , and they d1sappear to the nor th.

The exposed .trata d1p gently to the northwe.t at about 20 , and the

. presented

The lacu.tr1ne-delta ic

entire .ection of the Green River Formation 1s exposed from south to north.
Near the Douglas Creek a rch at the Utah-Col orado border, the .trata are
upturned and dip about 300 to the west (Cashion, 1967, p. 22) .

23) .
GROUND WATER
Alluv1al Aquifer.

the Dougla5 Creek Member of the Green R1ver Formation a nd parts of the

Well data and water-level measurements for alluvial aquifer. in the

Parachute Cree k Member of the Green Ri ver Fo"mation, which cons1.t of

limestone.

I

southeastern Ui nta basin are reported by Conroy and Fields (1977, tables 7 and

and algal and ctllitlc

The lacus trine deep-water environment is represented most. l y by the

Parachute Creek Member, whose beds are marlstone , sandstone, and muddy

limestone.

The marlstone . which has a large magnesium content and i n many

pl aces has a large or ga nic c ontent

I

Gilsonite

veins are found in some of the joints 1n part of the area (Cashion, 1967, p.

environment and some of the fluvial-deltaic environments are represented by

sandstone I mar lstone (siltst.one and claystone

Some minor

fault. and a jo1nt sy.tem occ ur in a northwest-trending direction.

comprise s the "all shale" of the Green

10), Conroy (1979, tables 7 and 9), and Conroy (1980, table 8).

Most of the

aquifers are in valley fill cons1sting ma1nly of silt and clay, with m1nor
amounts of sand and gravel.

The aquifers are along the major drainage. of

Willow, Hill, Bitter, and Evacuation Creek. , and the Wh1 te ard Green Rivers.
Mi nor drainages I such as Hells Hole Canyon and Cottonwood and Coyote Washes I

fi ver format i on .
Af
recede.
occurred.

e 1"

he de posi t i on of organ i c - rich marls tone , Lake Uinta be an to

The wate r became saline , and loe 1 deposition of e vaporite mi.,erals
As t he area or the lake dec reased, fluvia l deposits were laid down

where the lake had previously been.
Uinta Formation of Tertiary age .

These fluv 1al deposits belong to the

The slitstone, sandstone, and tuff that it

conta i n. a r e exposed 1n a large a rea near the White Ri ver 1n R. 20 through 2~

iJeposits of Quaternary allu v i um are present along almost every

t han 100 feet thlCk .

dralna~e

I n some of the larger dra i na es these deposi t s are more
they consis

The thickness of the valley fill dete-mi ned during test dril ling in
major dra1nages ranges from a min1mum of 15 fe et at well (0-10-24)13aca-1 to a
maximum of 129 feet at well (D-13-19)13aad-1 (Conroy, 1979, table 7) .

generally 1. about 100 feet, whe r eas the average thlclcness of the fill i n
The

thickness of fill generally rea ches a maximum near the midpoint of the major
drainage:; .

of material derived from the near by

Tert i ar y rocks , ranglng 1n size from c l ay to g ravel.

2-

The

avera!!e tHckness of rill in the W111ow, H111, and Bitter Creek dra1nage.

Evacuation Creek, White Ri ve r, and small tributar ies 1. about 30 fe e t.

E. of T . 9, 10, and 11 S .

in t.he st.uorJY a rea .

conta1n alluv1al a qu i fers but their areal e xte nt I. small.

3'

Hydraul1c conductivity and specific yield of alluvial aquifers in the
southeastern Uinta Basi n were estimated from descri ptions of aquifer materials
i n publ1shed reports and from unpubl1s hed drillers ' logs .

A summary of the ground-water budget for alluvial aquifers in the
southeastern Uir:ta Basin is presented in table 2 .

These esti mates are

based solely on particle sizes reported in the log descriptions, and are

Table 2 (next page

near here .

considered only as approx i mations.
Mowe r (1978, p. 16) estimated tha t the average hydrp.ul1c conductl vity

Subsequent sections o f th is report discuss the budget elements i n more detail.

(K) of alluvial aqui fe r s similar to thos e found i n the southeastern Uinta
Basin ranged fro m· 1 to 25 feet per day.

Applying these results to the

Recharge
Recharge to alluvial aquifers originates from leakage from consol1dated-

southeastern Uinta Basin, the largest values of K OCcur i n aquifers along the

r ock aquifers and i n filt ra tion from str eamflow .

Wh ite and Greer, Rivers, where the valley fll1 consists of clay, silt, sand,

alluvium averages less than 12 i nches pe r year, and it probably is almost all

and some gravel.

consumed by evapotranspiration.

The smaller values of K generally occur in aquifers along

PreCipitation falling on the

Subsurface inflow across boundar ies of the

Willow, Hill, Bit ter, and Evacua t ion Creeks where the valley fill consists of

study a r ea in alluvial aqu . fers along the White and Green Rive r s is estimated

c lay, silt, and some fine sand .

:"0 be e qual to subsurface outf low across boundaries of the study area along

The esticates of K are somewhat less than the

appro ximately 50 feet per day r eported for .imilar aq uife r s in the Pi ceance
Cr eek Basin, Colorado (Co f fi n and others, 1968, p . 17) .

This probably is due

to the relatively large amounts of sand and gravel in t he alluvial aquifers of
the Piceance Creek Basin .
Johnson (1967 , p. 070) r eported an average r a nge in specific y ield (Sy)

the Green River .
Leakage from consolidated-rock aquifers
Leakage from underlying consolidated rocks occurs where a qu i f e rs 1n the

Uinta and Green River Formations are in contact with allu v ial aquifers .

The

amount of water recharging alluvial aquifers from consolidated-rock aquifers

in alluv ial a qu ifer s similar to those found in the southeastern Uinta Basin

was estimated by ground-water models to be about 2 , 000 acre-feet per year.

from 0.02 to 0 . 21 .

Infiltration froID streamflow

Apply i ng these results to the sout hea stern Uinta Basin,

the lar ger values of Sy would be expected to occur in alluvial aquifers along

Infi1 tration from streams occurs i n the southern part of t he study area

the White and Green Ri vers whereas the smaller vaiues wou ld be expected to

along the perennial and intermittent reaches of the major tributaries and

occur in alluvial aquifers in Willow, Hi ll, Bitter , and Evacuation Creeks.

along the White and Gr een Ri vers .

Maximum i nfiltration probably occurs duri ng

summer months and during perIods of s nowmelt .

During the summer,

evapotranspiration by phreatophytes l owers \o,ater tables adjacent to streams .
During periods of snowmelt I the ;, ydraulic head is greatest in the streams and
the sedlment on the stream bottom is di sturbed by the turbulent flow.
the:oe fac t ors t e nd to lncrease the aO:lunt of infiltration.

All

Tlble 2.-Summary of ground·water budget for alluvial aquifers
Recharge to alluvial aquifers by infiltration from streams was estimated
by a water-budget analysis.

The alluvial aquifers in the southeastern Uinta

Long·term average

Component

Basin are under steady-state conditions, and over a long time the recharge
(acre·feet per yearl
should equal the discharge.

Recharge

year is shown in table 2.
2.000

Leakage from consolidated·rock aquifers

and this is considered the alllOunt of recharge from infiltration of streamflow.
Insignificant.

Infiltration of precipitation

Movement

Assumed to equal outflow across

Inflow across boundaries of the

boundarie. of the .tudy area.

study area.

32.000

Total

Water in alluvial aquifers moves from recharge areas along perennial
reaches of streams at high altitudes downstream toward the mouths of major
drainages.

Most of the water is consumed by evapotranspiration (table 2)

along the stream channels and never reaches the mouths of the major drainages.

Discharge
600

Springs

28,000

Evapotranspiration

1,000

Well.
Subsurface flow

The difference between the total discharge and the

recharge from consolidated-rock aquifers alllOunts to 30,000 acre-feet per year,

30.000

Infiltration from streamflow

A total discharge of about 32,000 acre-feet per

The rate of water movement is slow due to the mi nimal permeability of the
fine-grained alluvial material.

Water-level gradients in major drainages

average about qO feet per mile and the average velocity of water moving

through alluvial aquifers is about O.q foot oer day.

to consolidated
2,000

aquifers.

Assumed

Outflow across boundaries ilf the

to equal inflow across

boundaries of the study area.

study area.
Total

32,000

Storage

The volume of water storer i n alluvial aquifers 1n the southeastern

Uinta Basin is estimated to be 675,000 acre -feet .

This estimate is based on:

(ll An areal extent of about 38,000 acres; (2) a saturated thickness based on
water l e vel. in test holes drilled to the base of the alluvium (Conroy and
Fields, 1977, tables 7 and 9; Conroy, 1979, tables 7 and 9); and (3) a
porosity of 30 to 50 percent estimated f rom lithologic descriptions by
drillers (Hower and Cordova, 197Q, p. 27).

3-
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The volume of recoverable water is a function of the specific yield.

T.ble l .-Summary of estimated ground·water storage and recoverable water

By

in storage in alluvial aquifers

multiplying the spectric yield by the volume of s aturated alluvial deposits,
i t is estimated that the tot al amount of water that is theoretically

recoverable from s t orage is 200,000 acre-feet.

_.....
_of

The estimated volume of water

stored and the estimated recoverable water in storage in the southeastern
Ui nta Basin a r e shown i n table 3 .

"_
1hiotk~of

-- -" -"
M lu~"

c.... ,

Fluctuations 1n water levels repres ent changes 1n ground-water storage.
I n the s outheastern Uinta Basin, where lit tle grouno-water development has

...

_1Ufllted

.. N,..,ect

&tImet"

&tImet"

Volumeo'

"lu~aI

.a'uwW

.......

specific

¥Q1.ln

"-"

po""'' '

y'tld

.to,-.

.......

Cae'.'"''

Cae,....d

86.000

8.&00

o.ol.

Table 3 (ne xt page) near here.

_

VolulMof

VoI"meo'

(f""

facr.fMt'

fl*Uf1t)

WIlt...

In

8int, er-k

0,300

00

172.000

50

0.05

ev.cuatlon Creek

1.800

21

37,800

<0

.05

15.100

1.B90

82,800

55.200

t ake n place , these fluctua tions vi rtually are due to seasonal variat i ons in

GtwnRIw.r

9.200

30

276.000

30

.20

the ba lance between r echarge a nd d ischarge .

HIli Creek

1•• 00

88

651 ,000

30

.10

195.000

65.100

.20

58.500

39.000

.05

~

~

615.000

200,000

Observa t ion we lls completed i n a lluv i al aqu i f ers at or nea r r echa rge

areas at h i gh altitudes in t he s ou t he rn pa r t o f the s tudy a r ea , whe r e r e cha rge

Wh I ~R iwr

8.100

32

195.000

3{)

Wi llowCrMk

9.600

62

~

40

is derived prima r ily from i nfiltration of str eamflow, show l a r ge s easonal
fl uctua t ions in wate r levels .

The hyd rog r aph of well ( D- 13- 24) 18bbb- l in t he

Bi tter Cr ee k dra i nage shows a fluctuat i on of mor e than 20 f eet ( f ig. 5).

Figure 5 (caption on next page ) nea r here .

Observat i on wells complet ed 1n a lluv ial aqu ifers nea r the mouths o f

major t ribu t a r i es show small seasonal f l uctua t ions 1n water leve l s .

The

hydrogra ph of well (D-l0-22) 10a da-l ( f i g. 5) shows a ra nge 1n wa t e r leve l s o f
l ess than 2 f ee t.

Th is we ll also is i n the Bitte r Creek d r ainage , but du e to

t he dis t a nce f rom the rechar ge area, t he magnit ude of t he f luctuations 1n
wate r l e"'dls a r e

SI'"D 11

.

3"

Total troundedJ

38.000

1.900.000

Wate r levels in ob.ervation wells completed in the alluvial aquifer.
along the White River show small sea.onal fluctuations in water level..

The

hydrograph of well (D-10-23)23dbd-1 (fig. 5) show. a fluctuation in water
levels of about 3 feet.
Discharge

Figure 5.--Fluctuations of water levels in three ob.ervation wells completed

Water in alluvial aquifers is di:charged by springs, evapotranspiration,

i n alluv i al aquifers.

wells, and subsurface flow into consolidated aquifers .

Subsurface outflow

across bounda'r ies of the study area 1n alluvial aquifers along the Green Ri ver

is estimated to be equal to subsurface inflow across boundar i es of the study
area in alluvial aquifers along the White and Green Rivers.
Springs
Alluvia l aqu i fers discharge an estimated 600 acre-feet per yea r (table
2) at two s pri ngs along Bitter Creek .

Spring (D-13-23)3cbb-S1 ( fig. 2)

discharges about 160 acre-feet per year where valley-fill deposits are
apparently constricted by na rrow canyon wa lls .

Spring (D-10- 22) 15ddc -S 1

discharges a bout 440 acre -feet per year where valley-fill depOSits decrease i n
thickness, and whe re apparent i nflow from consolidated -rock aquirt "S 1s

transmitted through allu vial aquife r s and is discharged from the spr i ng .
Numerous other springs may discharge some water; but the total amount probably
is less than 50 acre-feet per year, and the discharge poi nts are masked by
perenn ial streamflow .

~7

Evapotranspiration
Evapotranspiration in areas of phreatopby tes is estimated to be 28,000

Arter assigning plant densities to all tbe pbreatopbyte areas, a typical

acre-feet per year, and it is the largest t ype of discbarge from alluvial

reach between two streamflow-measurement sites In the Bitter Creek drainage

aquifers (table 2) .

was used to determine streamflow losses in relation to each density

Greasewood (Sarcobatus vermiculatus) is the most common

pbreatophyte and occurs throughout the study area along perennial,

classification.

intermittent , and seme ephemeral streams.

chosen 1n areas where gains or losses from consolIdated rocks were expected to

Other important pbreatophytes in

The sample reaches used to evaluate streamflow losses were

tbe study area are saltcedar (Tamarix gallica), saltgrass (D1stichlis

be minimal, where tributary i nflow was insignificant, and where ",ost of the

stricta), willow (Salix sp . ), rabbitbrush (Chrysothamnus nauseosus), and

vegetation was in one density classification.
The followi ng summary shows how evapotranspiration was calculated f or

cottonwood (Populus sp . ).
A vegetation map (Butler and England, 1979) shows major concentrations

the Bitter Creek drainage basin:

of pbreatopbytes on the flood plains of the Green and White Rivers and along

Total area of phreatophytes:

4 ,259 acres

= 765

the perenn ial and intermittent reaches of Hill, Willow, Bitter, and Evacuation

Area at 100- percent density

Creeks .

Area at 50-percent density

1,336 acres

Area at 10-percent density

2,158 acres

Scattered greasewood and rabbitbrush grow in tributaries to these

drainages and other small drainages in the area .
A method used by Hower and Nace (1957, p. 6) was modified and used in

acres

Calculation of streamflow losses at 100-percent density

conjunction with the vegetat i on map, aerial photographs t and streamflow

Area between streamflow-measurement sites 09306790 and 09306800

profiles on Bitter Creek (K. L. Li ndskov and B. A. Kimball , U.S. Geological

acres

Survey, written commun., 1981) to estimate evapotranspiration along Hill,

Streamflow loss 1n sample reach: 486 acre-feet per year

Willow , Bitter, and Evacuation Creeks.

Infrared aerial photogra phs on a scale

Rate of evapotranspiration:

486 di vided by 217

2 . 24 feet per year

of 1 :31,680 were used to assign plant densities of 100, 50, or 10 percent for

Total e\"apotranspriation from area of lOO-percent density:

the phreatophyte areas classified as greasewood on the vegetation map .

2.24 x 165 = 1,714 acre -feet per year

The

densities taken from aerial photographs may differ from corresponding on- site
measurements of volume density using the method outlined by Hower and Nace

Calculation of streamflow losses at 50-percent density
Area between streamf ow-measurement sites 09306800 and 09306820

(1957, p. 6) because the height of the plant and the density of foliage cannot

acres

be measured from aerial photographs .

Streamflow loss in sample reach = 246 acre-feet per yea r
Rate of evapotranspi rat i on:

246 di vided by 727

= 0.34

1,336 = 454 acre - fee t per year

40

727

foot per year

Total evapotranspiration for area of 50- percent density: 0.34 x

39

211

Evapotranspiration, in cubic reet per second, along the White River

Calculation or streamflow losses at 10-percent density
Area between streamflow-measurement sl tes 09306820 and 09306830

292

flood plain was estimated using low-flow records, in cubic feet per second,

from August through November 1975-79, at gaging stations 09306500 a nd 09306900
(fig . 2), us ing the foll OWing relationship:

acres
Streamflow loss in sample reach

= 14

acre-feet per year

Rate of evapotranspiration = 14 divided by 292

0.05 foot per year
ET + So

1I)

ET + So - T - Si - P

(2)

Q + T + Si + P

Total evapotranspiration from area of 10-percent density
0.05 x 2 ,158

= 108

=
or

acre-feet per year
Q

Total 'e stimated evapotranspiration for Bitter Creek dra i nage
where

= 2 , 276

acre -feet per year
Q

= average discharge at station 09306500 minus the average

Tne annual streamflow measured at station 09306850 (Bitter Creek at mouth,
near Bonanza, Utah) is 0.8 cubic foot per second or 580 acre-feet per year (K.
L. Lindskov and B. A. Kimball, U.S. Geological Survey, written commun., 1981).
Thus, the evapotranspiration in the Bitter Creek drainage basin from areas of
phreatophytes exceeds the annual streamflow by about 400 percent.

The rates

calculated for each density classification i n the Bi tter Creek drainage also

discharge at station 09306900;
T =- tributary inflow between the two stations I

51

subsurface inflow from consolidated and unconsolidated rocks;

So

subsurface outflow to consolidated and unconsolidated rocks;

P

= precipitation;

and

ET =- evapo transpirat ion between the two stations .
were used in the WillOW, Hill , and Evacuation Creek drainages where

phreatophytic vegetation is si ..11ar.

Assuming:
1.

ET is negUgible during October and November;

2.

T is constant during August-November;

The annual rate of

Si and So are constant dur ing August-November; and

4.

~

e~fect

vegetation species and ,'ensities are similar .

= ET

Ouray, Utah.

This rate is in close

agreement with the daily rate of 0 . 012 foot calculated during this study.

and
02

= So

(for October and November) .

- T- Si

<"\)

QI - Q2 -

Assumi ng 4,. 120 acres of phreatophytes on the flood plain of the Green River
(Butler and England, 1919), the total a nnual average evapotranspiration is

Subtracting the two equations gi ves the following resu l t s :

about 6,200 acre - feet .

ET .

Subst i tuting values for 1915-19 (Conroy and Fields, 1911; Conroy, 1919 and
~980 )

The resul', s of his study indicate a daily rate of

evapotranspiration during September 1948 of 0 . 013 foot.

(for August and September)

+ So - T - Si

Thomas (1952, p. 28) studied

e vapotranspiration from ', he flood pJo' - of the Green River downstream from

on streamflow during August-November.

Then two equations result :
01

calculated for the White River

flood plain also was appUed to the flood plain of the Green River where

3.

has no

evapot ransp ir~tion

A summary of the water lost through evapotranspiration from alluvial
aquifers in the southeastern Uinta BaSin is presented in table 4.

:

ET dur i ng August and September

= 13

- (-13) or 26 cubic fee t per second .

Evaporat ion from the water surface of the White River averages about 6

Table 4 (next page) near here .

cubic fee t per second for A gust through November (5 . D. Waltemeyer , U. S .
Geological Su rvey t written commun., February 1, 1980) .

e sti mated di s charge by

e~apotranspiration

This lea ves a total

on the flood plai n during August and

September o f about 20 cub ic f ee t pe r second or 2, 400 acre -feet .

About 3,380

acres of the flood plai n is cove red by phr eatophytes be t ween the two stations .
Therefore, the average rate of evapotrans pi ration for August and September 1s

0 . 11 foot or a dally rate of 0 . 01 2 foot.

Assuming a 125- day growing season

and an ave rage rate of 0 . 01 2 foo t per day, the annual rate o f

eva potr ans pi r a tion is est imat ed t o be 1.5 f eet .

Assumi ng 4,888 acres of

phreato phytes on the flood plain of the White R1ver (Butler and England ,
1919) . the total annual evapotranspira t i on i s about 1,300 acre-feet.

The de nsity of phreatophytes on the flood plains of the Wh i te and Green Rivers
is fair \ y consistent and no attempt was made to separate these areas into
d i s ti nc t density classifications i n t able 4 .

Table 4.--Summary of evapotranspiration by phreatophytes
Discharge from wells completed in alluvial aquifers in the southeastern

from alluvial aquifer.

Uinta Basin is estimated to be about 1,000 acre-feet per year (Ronald Jibson,
Estimated

Toul

evapo-

vate.r

Drainage

Perc.ent

Area

basin

density

density

transpiration

(acres)

(feet per year)

consumed

(acre-feet per year)

Utah Division of Water Rights, written

COIlllllUO.,

February 19, 1980).

All the

alluvial wells are along the White River near Bonanza, in T. 10 5., R. 24 E.,
sec. 2 and they supply water for g11sonite-Illining operations in the area.

depths of the wells range from 12 to 36 reet, and yields in individual wells
range from 7 to 660 gallons per minute (Hood and others, 1976, p. 12-13).

!litter Creek

100

765

2.24

1,714

50

1,336

.34

454

10

2,158

.05

~

Maximum potential yields to individual wells are estimated to be less than
1,000 ga llons per mi nute from alluvial aquifers along the White and Green
Rivers, and less than 100 gallons per minute from alluvial aquifers in the

4,259

Total
100

Evacua tion Creek

2.24

329

531

.34

181

10

1,124

.05

--.2§.

1,802
100

Bill Creek

Wlliow Creek

Total
TOTAI. (rounded )

566

1,727

2.24

3,868

50

1,065

.34

362

10

4,558

.05

~

7,350

/ ,

4,458

2,816

2.24

6,308

50

1,018

.34

346

10

5,811

.05

---ill

100

9,645

major t ributaries of Willow, H111, Bitter, and Evacuation Creeks.

2,276

50

Total

Total

147

6,945

_.--- --23,100

The

14,200
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Subsurface flow to consolidatcd-rock aquifers
Discharge from alluvial aquifers to consolidated-rock aquifers in the
southcastern Uinta Basin is estimated to be about 2,000 acre-feet per year.
This estimate is based on simulations with ground-water models of
consolidated-rock aquifers and represents the amounts of recharge from
alluvial aquifers required to balance the steady-state discharge of the
consolidated-rock aquifers.

Discharge from alluvial aquifers to consolidated

aquifers occurs in the southern part of the study area where the Douglas Creek
aquifer ,1s in contact with the alluvial aquifers and in the western part of
the study area where the bird ' s-nest aquifer is i n contact with the alluvial
aquifer along Evacuation Creek.

Discharge also occurs i n the western part of

the study area where alluvial aquifers along the White River leak water to the

Chemical and physical characteristics
The aspects of water quality that will be discussed for the alluvial
aquifers 1nclude dissolved solids, water temperature, specific conductance,
pH, alkalinity, hardness, major constituents, and trace elements.

The various

terms that are used in reporting water-qual1ty characteristics are defined in
each of the annual data releases of the U. S . Geological Survey (see for
example , U.S. Geological Survey, 1980, p. 5-13).

Hem (1970) also defines many

t e r ms a nd presents a useful d1scussion of the interpretation of water-quality
characteristics .

The quality of water from the major alluvial aquifers is

summarized 1n table 5 and shown by patterns i n figure 6.

underlying Uinta Formation.
Quality
The dissolved constituents in ground water of the southeastern Uinta

Table 5 (next page) near here
figure 6 (caption on next page) near here

Basin are derived initially from rainfall and snowmelt and subsequently from
the water-rock interactions that take place when ra i nfa l l, snowmelt I and

streamflow recharge the aquifers.

Kimball (1981) has discussed the reactions

of dissolved constituent s i n the ground water and has described the sources of

The water quality in the alluvial aquifers not only varies downst r eam in
each drainage, but it also varies vertically within the aquifers.

in the aquifers .

the major solutes .

The

verticu variation !lenerally is due to diff ering effects of evapotranspiration
At most sampling sites, two observation wells were completed

in the alluvium--one shallow and one deep.

In general, dissolved-solids

concentrationtl are greater 1n the shallow wells because they are more afrected
by evapotranspiration.

An extreme example of this is at wells (D-12-23)21ccd-

1 and 2 in the middle reaches of Bitter Creek.

The dissolved-solids

concentration in Shallow well 2, ranged from 15,000 to 21,000 milligrams per
liter, whereas the concentrations in deep well 1, ranged from 7,300 to 8,300
mi lligrams per liter.

The large concentrations i n the shallow well are

comparable to the concentrations in well (0-10-20) 10ada- 1 near the mouth of
Bi tter Creek .
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Table 5 . --Summary of chemical quality of water in the major alluvial aquifers
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Pigure 6 .--Variation in mean dissolved-solids concentrations and chemi cal
character of water in the alluvial aquifers.
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Increases in dissolved- solids concentrations downgradient are due to the

Alkalinity is the acid-neutralizing capacity of a natural water (StUGII

same reactions that cause vertical differences in the concentrations within

and Horgan, 1981, p. 185-186).

the aquifer .

is due to bicarbonate .

These dirterences are indicated in wells (0-12-23)21ccd-l and

In the southeastern Uinta Basin, this mostly

However, in some of the aquifers there is a 5&11

(D-11-22)26ddc-l where mean dissolved-solids concentrations increased from

contribution from borate species .

7,900 milligrams per liter at well (0- 12-23)21ccd-l to 14,400 milligrams per

equivalent amount of calcium carbonate (Caco ), as in table 5.
3

liter at well (0- 11-22)26ddc-l (fig . 6) .

numerically equal to about 82 percent of the bicarbonate concentration and can

There is little variation in water temperature between the different
alluvial aquifers .

Alkalinity usually is reported as an
This is

be converted to milliequivalents by dividing by 50, the equivalent weight of

0

In general, the water temperature was about I1 C, which is

about the mean annual temperature in the lower altitudes of the southeastern

Alkali nity increases downstream in eaoh of the alluvial aquifers, except

Uinta Basin (5 . O. Waltemeyer, U. S . Geological Survey, written cOlDIDun.,

for the aquifer in Evacuation Creek .

February 1, 1980).

of Willow Creek at well (0-13-21l15adc-l was 660 milligrams per liter, and

Specific conductance is a useful indicator of the dissolved- solids

The mean alkalinity in the upper reaches

near the mouth of Willow Creek, at well (0-10-20) 15dcb-l, the mean alkalinity

concentration ('If natural waters because changes in ion concentrations result

was 1,020 milligrams per liter.

in changes in specifiC conductance.

as large as the increase in other constituents in the same reach.

The ratio of dissolved solids to specific

Although the increase was large, it was not
This Is

conductance in the water in the alluvial aquifers ranged from about 0.8 to

because alkalinity is controlled by the precipitation of calcite (see mass-

1.3 .

transfer model).

The ratio was greatest in waters with

th~

greatest sulfate

concentrations, such as in the alluvial aquifer in Bitter Creek .

For the

alluvial aquifers in the remainder of the area, the ratio was about 0.8.
Although the values of pH ranged from 7.2 to 10.0, there was only a
small amount of variation from the mean of 7.9.

The largest values of pH were

found in the alluvial aquifer in Hells Hole Canyon at well (0-10-25)8aca-2.

In the alluv i al aquifer in Bitter Creek, the alkalinity

increased from 430 to 891 milligrams per liter.
as large as for other solutes.

By contrast

I

Again, the increase was not

the alluvial aquifer in

Evacuation Creek showed no large increase in alkalinity .
Hardness Is due to divalent cations in natural waters I generally calciwa

and magnesium.

The units for reporting

ha~dness

are milligrams per liter as

The smallest values were in the White River alluvial aquifer, at well (0-10-

Cac0 3 ; thus, hardness may be compared with alkalinity.

23)23dbd-3, and in the upper reaches of the Hill Creek alluvial aquifer at

greater than alkalinity, the difference is termed the noncarbonate hardness.

well (D-13-19)13aad-2 .
well buffered.

The small amount of variation indicates that pH is

This buffering is discussed later in the section describing

the mass-transfer model for the Bitter Creek alluvial aquifer .
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I f the hardness is

Potas.ium concentrations remain relatively .mall in all the alluvial

The alluvial aquifers in Red Was h, Coyote Wash, Hells Hole Canyon, and
Cottonwood Wash contain soft or moderately hard water (see classification by
Hem, 1970, p . 225) .
hard.

The remainder of the aqu i fers contain water that i s very

Host of the ha rdness is noncarbonate hardness.

This is from the

fractionation of solutes during evaporative concentration .

Both calcium and

aquirers.

Evapotranspiratic,n concentrates potassium. but its concentrations

never increaoed to much more than 20 milligrams per liter, except in the
alluvial aquifer of Bitter Creek .

The concentrati on of potaSSium, like

calcium, is controlled by water-rock interaotions.

However, the control on

the carbonate species (bicarbonate and carbonate) are controlled by

potassium conce ntration is not by the precipitation of a mineral phase .

preC i pitation of calcite during evaporative concentration , !Jut magnesium is

cc

not controlled to the same extent .

in the alluvium.

As a result, the large increase in

The

rol is from the sorption of potassium onto c lay minerals which are present

The alluvium contains abundant illite and smectite clays.

mas:neslum concentrations with respect to alkalinity results 1n a large amount

Boles and Franks (1979) suggest that potaSSium is involved i n the conversion

of noncarbonate hardness .

of smectite to illite during diagenesis of Gulf Coast sediments .

In the upper reaches of the alluvial aquifers, the hardness was about

Even though

the diagenetic reaction does not occur in the alluvial aquifers, the two olays

500 milligrams per liter, but hardness i ncreases downstream as the solutes are

have the capacity to adsorb the potaSSium and limit its concentration i n

concentrated by evaporation.

solu t ion .

the most.

The alluvial aquifer of Bitter Creek is affected

At the mouth of Bitter Creek, at well (0-10-22)10ada-1, the mean

Concentrations of chloride show a large range of variation i n the
allu vial aquifers, increaSing f rom 9 . 6 to

hardness was 3,180 milligrams per liter .
The concentrations of other major constituents 1n water from the

~50

milligrams per liter.

As the

water in the aquirers is concentrated by evar;otranspiration, chloride is
conserved and the concentrat i on increases .

show both similarities and differences to the behavior of calcium, magnesium,

an i on because sulrate increases proportionally to chloride and always is more

and the carbonate species .

concentrated .

The changing patterns in figure 6 show that sodium

increases similarly to magneSium, but that sodium beoomes the major cation in
the alluvial aquifers near the mouth of each drainage .

The mean sodium

concentration at the mouth of Bitter Creek, at well (0-10-22) 10ada-1, was
Q,580 milligrams per liter.

Near the mouth of Willow Creek, at well (0-10-

20) 15dcb-1, the mean sodium concentration was 2,033 milligrams per liter.
Sodium Is concentrated by evapotranspiration, but !.t also is added to the
water in the alluvial aquirers ty recharge or water rrom bedrock aquire rs

(fig . 25).

The changes in sodium concentration are discussed in the mass-

transfer model for the alluvial aquifer of Bitter Creek.
53
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Chl oride never

be co~es

alluvial aquifers (sodium, potaSSium, chloride I sulfate I fluoride I and silica)

a dominant

The concentrations of sulfate and carbonate species are nearly equal in
the spring waters that recharge the alluvial aquifers in the ups t ream reaches
of th'.l drainages .

During the eoursa of e\'aporative concentration, however,

s ulfate increases greatly,

controlled.

'hile the concentrations 0

carbonate species are

Thus, sulfate becomes t he dominant anion in each of the allu_ial

aquifers, as shown by the patterns in f i gure 6.

Near the mouth of Willow

Creek, the sulfate concentration at well (0-10-20) 15dcb-l has a mean of 4,950
milligrams per liter .

In Bitter Creek at well (0-1 0-22)10ada- l, the mean

sulfate concentration is 12,000 milligrams per liter.
do not show such extreme values .

Other alluvial aquifers

At well (0-10-23)23dbd-l, i n the White River

alluvial a quifer, the mean sulfate concentration is 1,650 milligrams per
11 ter.

In the alluvial aquifer 1n Evacuation Creek, the mean ~once ntratlon nt

Nutrients and trace elements were not determi ned for many of the samples
Boron was determined in most samples, and i ron

and manganese were determined occaSionally (table 5) .
were large i n comparison to most n=\tural waters.

The mean concentrations ranged from about 50 to

about 900 micrograms per liter for both iron and manganese and from about 0.2
to about 0 . 6 milligram per liter as N for the nitroge;'l speoies .
In general, water from the allUVia l aquifers is not suitable for
irr igation or municipal use.

The patterns Clr ohanging water quality are used

to model the chemical quality in the mass-transfer model described below.
Mass-transfer model
The changes in chemical composition of the ground water in the three

aquifers i n the southeastern Uinta Basin oan be attributed to several
physiochemioal processes, including mineral precipitation and dissolution,
oxidation and reduction, mixing. ion exchange. and evaporative concentration.
A mass-transfer model was used to help explain how these processes affect the

we ll (0-11-25)1dac-2 is 2,510 milligrams per liter.

from the alluvial aquifers.

No consistent patterns for nitrogen f iro!l, and manganese were observed

i n the alluvial aquifers.

water quality in each of the three aquifers.
Parkhurst, Thorstenson,

an~

Plummer (1960) was used.

Boron concentrations

The greatest concentrations

were 1n water from the Willow and Bitter Creek alluvial aquifers, where mean
concentrations exceeded the boron concentration of sea water (Hem, 1970 f p.

161).
Uinta.

Boron apparently is a constituent of the deposits of the ancient Lake
Other lake deposits, notably in the olosed-basin deposits of

southeastern California, contain cons i derable concentrat ions of boron (Hardie,

1966).

Ground water acquires boron from contact with the depOSits of the

anc ient lakes, and the concentrations subsequently are enhanced by e'/aporative
concentration of the solutes.

There is no solubj lity control on the

concentration of boron within the concentration ranges observed in the s tudy
area.
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The PHREEQE model developed by

56

The changes in chemical character of water in the alluvial aquifers show
many similarities to the early .tages of brine formation.

Evaporative

The variation of sodium with chloride as water moves through the
alluvial aquifers along Bitter C~eek is shown in figure 7 .

concentration and the formation or brines have been summarized by Eugster and
Jor.e. (1979).

They present .everal examples of how mineral precipitation,

Figure 7 (caption on next page) near here.

"elective dissolution of efflorescent crusts, sorption on actlve surfaces t and

oxidation-reduction reactions can account for the changes in water chemistry

The pOint to the lower left represents the composition of snowmelt in the

during evaporation .

recharge area .

These reactions were used 1n a mass-transfer model of the

Bitter Creek alluvial aquifer.

The line of 45 0 (unit slope) from this pOint represents the

path of evaporative concentration .

The effect of evapotranspiration on individual constituents varies; some

I f a point plots above the 45 0 line, sodium has been

constituents are affected while others are not affected and are concentrated

in the water chemistry .

in solution.

added; and if i t plots below, sodium

Chloride usually is a conservative element during evaporation,

Any pOint plotting on the line would

represent the concentration if only evaporation were responsible for changes

has been removed.

After shallow ground-

and the increase 1n chloride concentration can le used to determine a

water circulation, only a small amount of sodium has been gained from rock

concentration factor .

weathering (Kimball, 1981); but by the time water discharges at spring (0-15-

Several authors have used chloride 1n this way

(Eugstdr, 1970; Jones, 1966; Smith and Drever, 1976; Eugster and Hardie,
1978).

The chemical changes that occur in the alluvial aquifers along Bitter

25) 13bad-S1, it has gained substantial sodium.
The water from spring (D- 15-25)13bad-S1 is typical of watec that

Creek can be followed by observi ng the behavior of individual constituents

recharges the alluY.1a1 aquifer .

with respect to ch loride .

mostly in the capillary fringe, due to the extensive use of water by

In the mass-transfer model of the Bitter Creek

The water 1s then subject to evaporation t

The upper 45 0 line in figure 7 Shows the path of evaporative

alluvial aquifer, only the mean concentrations of individual constituents 1n

phreatophytes.

.. ater from the deeper wells were used to show change. in water quality (p .

concentration in the all. vial aquifer.

48).

These changes are illustrated in figures 7-11 and summarized in table 6 .
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The pattern of sodium shown in figure 7 is nearly cor Jervative, but it
dMS

show a sli8ht decrease with respect to chloride at well

(D-13 -2~)18bbb-1

and a slight increase at well (D-12-23)21ccd-1 and (D-10-22)10ada-1 .

Such

slight increases and decreases have been attributed to the cyclic wetting and
Figure 7 . --Variation of sodium with chloride in water from the Bitter Creek

drying that occurs in arid environments.

Dre ,'er and Smith (1978) simulated

this wetting and drying in laboratory experiments .

alluvial aquifer.

They found that those

solutes that for m the mos t soluble precipitates when sol1s are completely
drIed , for example , SOdium, chlorIde, sulfate, and potassium, redissolve
quickly whereas calc1um, magneSium, bicarbonate, and silica redissolve slowly .

Even though sodium redissolves quickly, over a long period of time, some
sodium is lost to mineral precipitation .
Efflorescent crusts along streambeds in the alluvium were collected and
analyzed by X-ray diffraction.

)il,

dolomite

[CaHg(C0 3

(Na2S0~),

mirabllite

The minerals present included calcite (Caco ) ,
3

quartz (Si02 ), burkeite (Na2C03 • 2Na2S0~), thenardite

(Na2S0~

• 10H 20), nahcolite (NaHC0 ), trona (NaHC0 •
3
3

Na2C03 • 2H 2 0). a trace of haHte (NaCl). and some smectite
clay.

(1~A.

expandable)

These minerals represent the final stages of desiccation i n the

alluvium.

The sodium sulfate and sodium bicarbonate minerals dissolve quickly

when wetted and return to the ground water, whereas the calcite I dolomite I and
silica return solutes much more slowly.
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The effect oC cycli" wetting and drying can be evaluatd by using an
ideal sodium sulCate mineral to represent the preoipitation process.

Although

not necessarily the major mineral responslble Cor sodium and sulCate loss,
thenardite would be representative of the process, and the efCect oC cyclic
Figure 8.--Variation oC calcium with chloride in water Crom the Bitter Creek

wetting and drying can be represented as:

alluvial aquifer.

(I.)

Figure 9.--Variation of alkalinity with chloride in water Crom the Bitter
Creek alluvial aquifer.

Although sodium decreases in relation to the path of evaporative
concentration during the early stages of evapotranspiration Crom spring (0-1525) 13bad-S1 to well (D-13-2q) 18bbb-1, it increases from that point down the
drainage .

It is unllkey that the increase comes Crom ion-exchange reactions

in the alluv ium because ion exchange primarily would be the exchange of
calcium and magnesium on the clays f'Or sodium in solution (Drever, 1982, p.
83- 84).

The sallne water also is unreactive with feldspar minerals in the

alluvium, so the weathering of plagioclase to produce sodium also is unlikely.
Ruling out thes e water-roek interactions, the increase 1n sodium 1s most
likely due to upward leakage of

aquifer.

odium sulfate water from the b rd' s-nest

The flow model of the bird's-nest aquifer indicates that there may

be dlscha.rge from the bird' s-nest aquifer through the Uinta Formation to
dlscharge to the alluvium in the downstream reaches of Bitter Creek.
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Arter the precipitation of calcium carbonate begins, doloao1te becomes
supersaturated and may begin to precipitate by the overall reaction:

(S)
This reaction also causes a chemical divide, and the water can become depleted
in magnesium or alkalinity, depending on the ratio of milliequivalents of
magnesium to alkalinity.

For this water, magnesium milliequivalents a re

Figure 10.--Variation of magnesium wit h chloride in water from the Bitter
Creek alluv ial aquifer .

greater tha.n the milliequivalents of alkalinity when calcium magnesium
carbonate precipitation begins; magnesium is increased and alkalinity
decreases.

How magnesium follows the path of evaporative concentration during

the segment frem spring (D- 15-25)13bad-Sl to well (D-13-24)18bbb-l is shown in
figure 10.

Figure 10 (caption on next page) near here.

In some evaporative settings, the loss of magnesium could be due to the

prec i pitation of a magnesium sUicate such as sepiolite,

2Hs2+ + 4HC0 3 +6H 4Si04 ~ Hg2Si60,2(OH)4~ + 4C0 2 +12H 2 )
This reaction results in the same chemi cal divide as the prec ipitation of
dolomite, with the additional loss of sUica.

MagneSium loss also could be

from the incorporation of magnesium into clay minerals (J. 1. Drever,
University of Wyoming, written commun., 1981).

The abundance of dolomite in

samples of the alluvium indicates that reaction 8 could account for most of
the loss of magnesium, but it was not determined if this dolomite was
authigenic or detrital.
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The pattern of sulrate is similar to sodium and is shown in figure 11 .

The large concentrations of calcium in water from the alluvial aquifer
might indicate that mineral prec i pi tation does not control its concentration.
However, as the salinity increases down gradient, the effects of ionic
strength and ion pairing become important.

This situation allows the molality

of total calcium to be large, while the activity of calcium ions remains
small.

For example, at well (0-10-22)10ada-l, the mean concentration of

calcium is 254 milligrams per liter .

Figure 11 (caption on next page) near here.

The activity coefficient for the calcium

ion (Ca2+) is calculated by PHREEQE to be 0.29.

Thus, the activity of the

Sulfate increases less rapidly than calcium or alkalinity during shallow
ground-water circulation, but after deeper circulation it is added

substantially bl the oxidation of pyrite (Kimball, 1981, p. 12).

Once in the

alluvium and subject to evapotranspiration, it decreases below the path of

free calcium ion is only 35 milligrams per liter, with a concentration of

evaporative concentration because of the effects of cyclic we tting and drying

calcium ion of 121 milligrams per liter .

represented by reaction 1.

The remaining 133 millgrams per

liter of total calcium i n the water is present in the various calcium
complexes, principally Casog and CaHCOj .

Although sulfate does not increase above the line

of evaporatIve concentration i n the downstream reac!les of BItter Creek, the

increases in milliequivalents of sodium and sulfate from well (0-12-23)21ccd-l
to well (0-10-22) 10ada-l are equal, approximately 70 milliequivalents for
each.

This again indicates the recharge of a sodium sulfate water to the

alluvial aquife r, probably through the Uinta Formation from the bird' s -nest
aquifer.
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The concentrations of potas.ium and silica do not show the same type of
va!"':!.~tlon

as do the other major solutes.

These t wo solutes are controlled by

sorption reactions with the clay minerals in the alluvium.

The major clay

minerals in the alluvium, as determined by X-ray diffraction , are illite and
.'1gure 11.--Variation of sulfate .,ith chloride in water from the Bitter Creek

""""i.lte .

Pot assium could be involved in sor ption on the illite, whereas

silica could be controlled by both clays.

alluvial aquifer.

Siever and Woodford (1973) have

shown how silica concentrations can be controlled by various clay minerals.

The consistent concentra tions of silica in the alluvial aquifer indicate such
a control.

The formation of ne.... olay minerals involv i ng the consumption of

silica is unlikely .

Illite and smectite generally would be "stable" clays at

the salinities in the alluvium.

Analcime (NaAlSi 20 6 • H2 0) is presenL in the

alluvial sediments as a detrital product of weathering from the Creen River
Formation; not as a reaction product from the olays 1n the alluvium.

An evaporative budget for chemical changes in water from the Bitter
Creek alluvial aquifer is given in t able 6.

The changes that occur froe

Table 6 (next page) near her" .

rainfall and snowmelt are shown, and the concentration factors 1n terms of

chloride increase at each set of pOints are given in figures 7-11.

The actual

loss of the constituents 1s somewhat masked by the logarithmi c scales i n these

figures ,

The amount of each constituent that is lost or gained in each

segment of the reaction is given in table 6 .

This percentage of loss for each

constituent accounts for the losses or gains only after the constituents have

entered the alluvial aquifer .
early.

Note that calc i ulD and alkalinity decrease

Each of the solutes increase before entering t he al luvium throu h the

various processes that have oeen described above and by Kimball (1981).
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The pH irK'reased between weUs (D-13-24)18bbb-1 and (D-12-23)21ccd-1.

Bird's-nest Aguifer

Arter this> increase, the pH remained constant downgradient to the next well,
(D-10-22)10ada-1.

Thorstenson, Fisher, and Croft (1979, p. 1491> have shown

The bird' s-nest aquifer is in the Parachute Creek Member of the Green
~i v.~

Formation and has been i dentified in test holes

ear Federal Lease

how the combination of carbonate-equllbria and ion-exchange reactions can

tracts Ua and Ub and "long Evacuation Creek and the White River where the

buffer the pH of a ground water, and it is possible that a similar pH buffer

aquifer crops out at the surface (VTN, Colorado, Inc., 1977, p. II-120) .

is operative in the alluvial aquifers .

tC!rm "bird I s-nest aquifer" corresponds to the term "bird I s -nest zone"

The

described by Cashion (1967, p. 17), because the outcrop of his informally
named zone has the

appearance of a wall supporting many swallows I nests.

For the purpose of this report the zone is called bird' s -nest aquifer. The
aquifer's areal extent to the west and north is unknown, bu t it has been
estimated to extend as far as Bitter Creek to the west and several mUes
beyond the White River to the north (VTN, Colorado, Inc., 1977, fig. II-72).
The thickness of the aquifer ranges from 90 to 205 feet and averages about 115
feet near tracts Ua and Ub (VTN, Colorado, Inc., 1977, p. II-12 1l .
The aquifer contains solution cavities as much as 2 feet in diameter,
NO!";'

wer' created by t he removal of r eadlly soluble nahcolite (NeHC0 3 )·

Where the brittle beds surrounding the cav ities have been fractured or

jOinted, and the cavities connected, a permeable zone has been formed.

The

fracturing or jointing of the rocks may be related to the occurrence of
gllson i te ve i ns tecause the primary s c t of joints in the vicinity of tracts Ua
and Ub trend north 62 0 west with near vertical dip (VTN, Colorado , Inc., 1977,
p.

V-40l, and the gllsonite veins ha ve an average strike of about nor th 60 0

west a nd also have nearly vertical di ps (Cashion, 1967, p. 31) .

72
71

The translllbsivity of the aquifer 13 variable.

Analyses of aquifer

The aquifer 13 probably overlain by a water-table "quifer in the Uinta

tests by personnel of the White River Shale Project indicate a range in

Formation in most of the area.

t~a"" .. tss

conrinl .... ;,ed overlying the bird' s-nest aquifer was calculated by the ground-

vity from about I to 15.000 feat squared per day and a range in

The vertical hydraulic conductivity of the

storage coefficient from about 1 x 10- 1 to 7 x 10- 6 (VTN, Colorado. Inc ••

water model to be about 3.32 x 10- 10 foot per second.

1977. table 11-13).

confining bed 13 estimated to be about 150 feet.

Maximum yields to individual wells. based on model

s i mulations r are estimated to be 5,000 gallons per minute, with a maximum

drawdown of about 200 feet after 30 days of pumping.
The range in transmissivity is thought to be related to the amount of
fracturing and solution.

In areas where fracturing and solution have not

taken place. transm1ss1vities are near " roo

Well (0-9-21) 26aa-l, drilled

into the bird's-nest aquifer, penetrated nahcolite-filled cavities; and the
well produced only a small amount of water.

Well (D-l0-21)2cb-l. about

The thickness of the

Recha-ge to the bird' s-nest aquifer in the southeastern Uinta Bas i n
vriginates pri"!"rily from infiltration of streamflow from Evacuation Creek
through thin all uvial deposits overlying the aquifer and downward leakage from
the Uinta Formation.

Precipitation falling on the outcrop area of the bird' s -

nest aquifer averages less than 12 inches per year and probably accounts for
an insignificant amount of total recharge.

Upward leakage f rom the Douglas

Creek aquifer i s assumed to be inSignificant because of the minute vertical

miles to the south. produced 600 gallons per minute from the "bird' s-nest"

hydraulic conductivities of the fine-grained marlstones and oil-shale beds

aquifer during air-rotary drilling (James Moyer. TOSCO Corp •• oral commun ••

separating the two aquifers.

February 16. 1978 ) .
The largest storage coefficient was obtained from an aquifer test at
wel.L (U-1O-Zlt )2'bcao - 2 u,... ·

aquifer is unconfined.

Suu:"h~

r: cd6~ ~!' t:":l'!t~ II~ a nti Uh where the

The smallest value was obtained from an aquifer test

at well (0-10-24)20aad-2 on the northern edge of tracts Ua and Ub where the
aquifer is confined (VTN. Colorado. Inc •• 1977. fig. 11-74) .
Water levels in the aquifer -ange from a

~ew

feet below land surface

where the aquifer crops out 1n Evacuation Creek to more than 400 feet below

land surface a few miles to the west (VTN. Colorado, Inc •• 1977. fig. II-75).
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T.bl.1.~ummary

of ground·water budget for the "bird's-nest" aquifer

Discharge freID the bird' s-nest aquifer in the southeastern Uinta Basin
Component

primarily is by upward leakage through the Uinta Formation and alluvial
aquifers to Bitter Creek and discharge to the White River.

(acre-feet per year)

A number of small

springs discharge water from the bird' s-nest aquifer into Evacuation Creek but

Recharge

Recharge to and discharge from the aquifer were estimated from a groundValues obtained from the model were compared to streamflow

measurements to verify model results whenever posl.llble.

Downward leakage from Uinta Formation

long-term averages obtained (rem the ground-water model is presented in table
Subsequent sections of this report will discuss the budget components

250

Upward leakage from Douglas Creek aquifer

Insignificant.

Precipitation falling on the outcrop area

Insignificant.
Total

A sUllllDary of the ground-water budget for the bird' s-nest aquifer with

1.

420

Infiltration from Evacuation Creek

the amount of discharge is small.

water model.

Long·term average

DillCharge
Upward leakage to White River and associated alluvial aquifer

30

Upward leakage to Bitter Creek and associated alluvial aquifer

640
Total

Table 1 (next page) near here.

in more deta il.
Recharge
Recharge to the bird's-nest aquifer is t •..,,,, infiltration of streamflow
frol!! Evacuation Creek and downward leakage from the Uinta ForDlation.

Upward

leakage from the Douglas Creek aquifer and prec i pitation falling on the
outcrop of the aquifer probably are insignificant as sources of recharge.

15
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Inf11 tration froll Evacuation Creek
Movement

Recharge froll inf11 tration of streallflow along Evacuation Creek was
estimated by the ground-water model to be q20 acre-feet per year.

Streamflow

Water in the bird' s-nest aquifer probably IJIOves to the west from

!osses between gaging stations 09306Ql0 and 09306Q30 on Evacuation Creek (fig .

recharge areas along Evacuation Creek, and from the south and north toward

2) lleasured during January 1975-79 amounted to an average rate of 2QO acre-

discharge areas in the lower reaches of Bitter Creek.

feet per year.

January records were used because evapotranspiration and

tributary inflow were min1mal during that month.

The difference between

ground-water 1I0vement may be controlled locally by fracture systelDS that act
as drains, although data is insufficient to verify this.
Storage

recharge cO,mputed by the model and recharge computed using average January
streamflow records may be the result of a seasonal variation 1n recharge.

The direction of

The amount of recoverable water stored in the bi rd' s-nest aquifer is

Mean-January discharge at station 09306Q30 is less than 5 percent of the mean

estimated to be about 1.9 milllon acre-feet ,

annual discharge.

areal extent of 300 square miles of the aquifer (YTN, Colorado, Inc., 1977,

Therefore. recharge probably 1s greater at other times of

This estimate is based upon an

the year when a larger amount of streamflow covers a larger part of the

fig. II-72) , a s pecific yield of 0.1, and an average thickness of 100 feet

channel, thus allowing greater inf11 tration,

(YTN, Color ado, I nc., 1977, table II-1Q).

Downward leakage from the Uinta Formation
Recharge to the bi rd' s - nest aquifer by downward leakage from the Uinta
Formation was estimated by the ground-'.ater model to be about 250 acre -feet
per year .

Water leaking into the aquifer from the Uinta Formation probably

Changes in water levels in the bi rd' s-nest aquifer result from seasonal
variations in the balance between recharge and discharge and from changes in
barometric pressure (VTN, Colorado, Inc., 1977, fig . Il-8Q).

Wate r- level

fluctuations corrected for barometric fluctuations at two observation wells

originates from infiltration of perennial streamflow, primarily the White

completed 1n the bird' s-nest aquifer compared with discharge on the White

Ri ver, but the alJlOunt of recharge is so small compared to the flow of the

River at gaging station 09306500 dur ing the 1978 water year ,'re shown in

river that streamflow records cannot be used to verify the amount calculated

figure 12.

by the model.
Figure 12 (caption on next page) near here,
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Discharge
Discharge from the bird's-nest aquifer is to the White River, and to
Bitter Creek by upward leakage.
White River
Figure 12.--Relation of water levels i n wells (D-l0-2Q)20add-2 and (0-102Q) 12cda-l, corrected for changes in barometric pressure, to discharge
of White River at gaging station 09306500.

Discharge from the bird' s-nest aquifer to the White River was estimated
by the ground-water model to be 30 acre-feet per year.

The discharge occurs

near the mouth of Evacuation Creek where the r i ver crosses the outcrop of the
aquifer.
Upward leakage to Bitter Creek
Discharge from the bird' s-nest aquifer to Bitter Creek a nd associated
alluvial aquifer was estimated by the ground-water model to be 6QO acre-feet
per year.

The discharge occurs in the downstream reache9 of Bitter Creek

where water from the aquifer moves through the Uinta Formation into the
alluvial aquifer and discharges from springs in the bottom of the stream
channel.

Streamflow re cords from continuous-gaging station 09306850 in Bitter

Creek (fig. 2) show an annual flow of about 580 acre-feet per year (Lindskov
and Kimball, 1982, table 2) .

This flow is derived almost entirely from spring

(0-10-22) 15ddd-Sl, which discharges about 1.5 miles upstream .

Because of the

relatively constant discharge of the spring, it is probable that most of the
water is derived from underlying consolidated-rock aquifers.

In the area of

the spring, a gilson ite dike cuts vertically. across the Uinta Formation (Price
and Hiller, 1975, pI. 1).

It is probable that fractures related to the dike

transmit water from the bird' s-nest aquifer through the Uinta Formation and
the alluvial aquifer to the spring.

Discharge from the bird' s-nest aquifer to

the alluvial aquifers along Bitter Creek also is discussed under the masstransfer model later in this report.
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Design
A simulation of combined artesian and water-table aquifers with a leaky

Digital-computer model of flow system
The digital -computer model used for the flow syste .... in the bird' s-nest

confining bed overlain by a water- table aqn1fer· was used to model the flow

and Douglas Creek aquifers was developed by Trescott, Pinder, and Larson

s;·stem in the bird' s-nest aquifer.

(1976).

identified in test holes was modeled.

The model is two-dimensional and can be used to simulate ground-water

flow in an artesian aquifer, a water-t ble aquifer, or a combined artesian and
water- ~ble

aquifer.

The model takes into account leakage frOID confining

Only the area where the aquifer has been
The aquifer boundaries, gri d size,

constant-head nodes, and leakage nodes used i n the digital- computer 100.:,1 are
shown i n figure 13 .

bt:ds , leakY, .streambeds t constant recharge, evapotranspiration t and well
Figure 13 (caption on next page) near here

discharge.
Data requireIDents for simulation of an artesian aquifer include
trans<D1ssivity, storage coefficient, recharge, discharge, houndary locations

Input data for the model included initial heads, hydraulic conductivity,

and conditions, and initial head values.

storage coeffiCient, vertical hydraulic conductivity of the confining bed,

For water-table sil'lUlations, or

combined water-table and artesian aquifers, input data dso needs to i nclude
altitude of the top and bottom of the aquifer and specific yield.
le~kage

thickness of aquifer, thickness of confining bed, hIld heads tn the water-table
aquifer (altitude of water levels above a leaky streWllbed).

When

is used in the IDodel, the vertical hydraulic conductivity of the

confining bed, the water level above the leaky streambed, and

th i~Y nes.

of the

confining bed also need to be included.
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Values of hydraulic conductivity and storage coefficient used in the
model aro based on aquifer test results (VTN, Colorado, Inc., 1971, table I113).

These calculated hydraulic conductivities were then extrapolated

th roughout the entire area mod .. led •
Figure 13.--Aquifer boundaries, grid size, constant- head nodes, and leakage
nodes used in the digital-computer model of the bird' s-nest ac;uifer.

Because of the variability of the

calculated hydraulic conductivities, a nd the necessity of using average values
of hydrauli c conductivity over the area of each gr1d block, the results of
point test.s do not correspond exactly to the values used 1n the model.

The

distribution of hydraulic conductivity used in the model is shown in figure
lq.

Figure lq (caption on next page) near here .

Uniform values of storage coefficient were assigned to the artesian and
water-table parts of the aquifers (VTN, Colorado, Inc., 1917, table I1-1q).
storage coefficient of 1 x 10-

q

y1eld of) 1 x 10- 1 was used for

was used for the artesian part and (a specific
he water-table part of the system (fig. lq) .

These values gene rally agree with the values obtained during aquifer tests

(VTN, Colorado, Inc., 1911 , table II-13).
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A

The vert1cal hydraulic conductivity or the confin1ng layer between the
water-table aquifer and the b1rd' s-nest aquifer was "alculated during steady., tate calibration.
second
Figure 14 . --Hydraulic conductivit), and storage coefficient of the bird' s-nest
aquifer used in the digital-computer model.

wa~

A vertical hydraulic conduct1vity of 3.32 x 10- 10 foot per

used at all leakage po1nts 1n the model.

Sensitivity analyses performed during the steady-state calibration
indicate the vertical hydraulic conductivity could range from 0 to 3.32 x 10- 8
foo\; per

~econd.

Results of simulations reported later in this report should

be used with caution because under transient simulations the model is highly
sensitive to vertical leakage.
Constant-head nodes were used dur i ng calibration to establish rates of
recharge and discharge in areas where the aquifer is 1n d1rect contact with
the streambed .

A constant-head node also was used near the western boundary

or the model, near Bitter Creek, to simulate discharge into the Bitter Creek
alluvial aquifer (fig. 13).

Ouring transient simulations, constant-head nodes

along Evacuation Creek where recharge is limited by stceamflow and the
constant-head node near Bitter Creek were replaced with constant-flow nodes .
The values of flow at each node were determined from the steady-state

so lution.
The boundaries or the model approximate the area outlined by structure
contours given by VTN, Colorado, Inc., (1977, fig. II-72).
eastern boundaries are no-flow boundaries
surface.

~here

The southern and

the aquifer crops out at the

The northern and western boundaries are somewhat arbitrary due to

lack of data, and they represent the best estimate of these two limits of the
aquifer.

No-flow boundaries also were placed on the northern and western

edges of the mode l ed area.
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Cal1bration
Historic water-level data were not available to use in the calibration
of the model.

Little ground water has been pumped from the area, thus the

system is assumed to be in a steady-state condition .
simulated by setting all storage terms to zero.

This condition was

The computed steady- state

water-level configuration thu" was dependent only upon

tr~n smissj

Figure 15. - -Potentiometric-surface contours

vity,

computed by the digital-computer model.

vertical hydraulic conductiVity, and boundary cond itions .
Cali.bration of the model was accomplished by varying transmissivity and
vertical hydraul1c conductivity withi n a range similar to that indicated by
results of aquifer tests, while kee ping other va r' l ables cons tant.

Figure 16 •.--Distr i buti on of recharge and discharge, computed by the di gitalcomputer model for the bird ' s -nest aquifer.

The

computed heads were then compared to actual heads that were measured during

March 1975 (VTN, Colorado, Inc., 1977, fig. II-75).
The final steady-state solution for the pote ntiometri c surface and the
distribution of r echarge and d i scharge are shown i n figures 15 and 16.

The

Figures 15 and 16 (captions on next page) near here.

potentiometric surface simulated by the model generally is within 10 feet of
measured va l ues , and only one water level dIffered by more than 20 feet from

the measured value .

Considering that transmissivity changes rapidly i n short

distances and computed water levels are averages for a nodal area I the
solution Is a reasonable representation of the actual aquifer .
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of the bird ' s-nest aquifer,
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The results of the steady-state model indicate that recharge from

Dewatering.--The construction of a vertical access shaft to mine

1!Ifiltration of streamrlow along Evacuation Creek (fig . 16) is 420 aore-

oil shale (White River Shale Project, undated, fig. 3.4-2) would require

feet per year.

some dewatering when the shaft penetrates the bird~-nest aquifer which

The model also indicates an additional 250 acre-feet per

year of reoharge from downward leakage from the overlying Uinta

lies about 400 feet above the mining zone.

Formation.

sec. 22, T. 10 S., R. 24 E. (White River Shale Project, undated, fig.

The model indicates that discharge from the aquifer to the White
River is 3,0 acre-feet per year, while discharge by upward leakage to

To simulate dewatering, a pumping well was located in the s ame

node as the s,,!,ft, and a pumping rate capable of l owering the water
level to the base of the aquife r after 1 year was determined.

Bitter Creek is 640 acre-feet per year.

The

simulation indicates that by dewatering at a rate of about 900 gallons

Simulated effects of oil-shale development
Simulated effects of oil-shale development in Federal lease tracts
Ua and Ub on the bird' s-nest aquifer inolude:

3.4-1).

The shaft is postulated in

(1) Dewatering of the

per minute, the aquifer in the immediate viclnity of the shaft would be
dewatered .

Drawdowns aftp.r 1 year of dewatering would be as great a s 40

aquifer when penetrated during construction of a vertical shaft, (2)

feet at a distance of 1 mile, and 10 feet at a distance of 5 miles .

construction of a reservoir on the White River near the mining area, or

the walls of the shaft are sealed as it Is being constructed t ho ... -;! ver t

If

(3) use of ground water to supply the water requirements of mining and

the rate of pumping needed to dewater the sha ft would be substantially

proce s s i ng of ore.

small er.

The effeots of dewater i ng the mining zone beneath

the bird's-nest aquifer could not be simulated by the model because data
are i nsuffic i ent to determine vertical hydraulic conductiv i ties between
the mining zone and the bird' s-nest aquifer.

The effects o f dewatering the mining zone beneath the bi rd's -

nest aquifer were not simulated.

Sensitiv i ty analyses were performed to evaluate the simulated
model responses to ranges 1n tranSmiSSivity I storage coefficient, and

vertical hydraulic conduotivity.

The ranges used in the sensitivity

analyses rerlect the confidence in the data.

The analyses show that a

two -fold inc rease or decrea s e in transmissivity increases or decreases

the pumpi ng rate needed to dewater the shaft by the same proportion.
10-fold i ncrease or decrease i n vertical hydraulic conductivity or
storage coefficient ha s almost no effect on the pumpi ng needed to
de'"j'8 t er t he 3M ft.
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Results of the simul

Reser voir construotion.--The oonstruction of a reservoir on the
White River near Federal lease tracts Ua and Ub may alter the present
head distribution in the bird' s-nest aquirer.

To simulate the etrect of

such a reservoir on the bird' s-nest aquirer, the altitude of the watertable aquirer near the White River was increased to rerlect the altitude
of the water surface in the reservoir at full capacity .

tev~ ls

t 1?n~

indicate that after 20 years water

in the bird' s-nest aquifer nenr the reservoir site would r ise by

"" ",,,ch as q5 feet and leakage from the overlying Uinta Formation would
double if the vertical hydraulic conductivity were 3.32 x 10-8 foot per
second; or, water levels in the bird' s -nest aquifer would be unchanged
i f the vertical hydraulic conductivity were zero.

Water supply.--Water requirements for commercial production of oil
shale on Federal lease t r acts Ua and Ub have been estimated at between
13,000 and 26,000 acre-feet per year (White River Shale Project,
undated, p. 7.14-2).
White River.

A source of supply is from a reservoir on the

An alternative source 13 ground water.

The model was used

to evaluate the potential of the bird' ,,-nest aquifer to yield large
amounts of ...ater for oil-shale development.
include a reservo i r on the White Ri ver.

This simulation did not

Ten wells were simulated in

areas of largest transmissivity nea r the White River.

Each of the wells

was 1n the center of a node J and only one well per node was simulated.

Results of the simulation indicate that the aquifer is capable of
supplying about 10,000 acre-feet per year, or about 80 percent of the
minimum requirement for oil-Shale development of Federal lease tracts Ua
and Ub for the planned 20-year mi ning operation.

At the end of 20

years, the water levels in the simulated wells would be near the base of

the aquifer .
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Pumping 10,000 acre-feet per year frem the

bird's-ne~t

aquifer

..ould -.:duse a sign1ficant decline 1n the potentlo:aetrlc eurface.
throughout the modeled area.

The drawdown computed by the

mode ~

Or the

bird's-nest aquifer after 20 yea rs of simulated withdrawals is .hown in
figure 17.

Figure 17 . --Drawdown in the bird' s-nest aquifer after 20 years of simulated
withd ra wals , computed by the digital-computer model.

Figure 17 (caption on next page) near here.

Declines after 20 years of pumping in about 10 square miles near the
well field would exceed 250 fe&t.
modeled area would range f

'010

Declines at the boundaries of the

about 20 to 200 feet.

After 20 years of

pumping, about 5 square miles of the aquifer would be completely
dewatered.

The decline of the potentiometric surfaoe of the bird' s-nest
aquifer would have a significant effect on recharge (leakage) to the
aquifer frem the Uinta Formation.

Initially, most of the 10,000 acre-

feet per year would be removed froJ!] aquifer storage.

A:s pumping

continued and the potentiometric surface declined, leakage t o the
aquifer from the Uinta Formation would increase.

Afte r 20 years of

pumping, about 62 percent of the wate,' would be supplied by leakage from
the Uinta Formation.

Since recharge to the Uinta FOI'mation is prebably

from perennial streamflow t a reduotion 1n streamflow can be expected .

The amcunt of available water from the bi rd' s-nest aquifer for a
per iod of 20 years is estimated to be about 20,000 acre-feet per year.
The estimate

assum~s

that an additional pumping center in the northern

part of the modeled area (fig. 17) could withdraw an add i tional 1(;,000
acre-feet per year although some interference between pumping centers

could be expected .

The poor quality of water in the bird's-nest aquifer

in the northern part of the area may be a limiting factor.
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Quality

A sensitivity analys13 was performed to evaluate the lIIOdel responses to
ch:lnge3 i n the vertical hydraulio conductivity of the confining layer and the
spec H." yield and horizontal hydraulic conductivity of the aquifer.

rhe",!cal and physical oharacteristics
There generally are two types of water in the bird ' s-nest aquifer, and

The

lIod"l 13 sensitive to vertical hydraulio conduotivity ot the confining layer .

~hey

if the values were increased by a factor of 10, the aquife r would be cLpable

The d igital-computer model indicat es that the local flow i n the aquifer in T.

differ greatly in d13solved-soUds concentration and chemical charac ter.

of providi ng all of the mi ni mum requ i rement of 13,000 acre-feet per yea r for

10 S • • R. 24 E., sec . 20 , 21 , 28, and 29 (fig . 15) is from the northeast to

the 20-yea r period .

the southwest .

I f the value we re decreased by a factor of 10 ,

aquifer wou l d be oapa ble of s upply i ng substantially less
development during 20 years.

wa t~ r

~ he

The varied chemical character of the water in part of the bird' s-nest

for oU-shale

I f the rese r voi r on the White River was i r, pl ace

aquHer can be s een in the patterns shown i n figure 18 .

In the northeast,

during pumping, the yields would be higher.
The lIIOdel also is sensitive to specific yiel d.

I f the spe c ific yield of

Figure 18 (capt on on next page) near here .

the a qu ifer were 0.15 i nstead of the estimated 0 .1, the aquifer would be
capable of supplying about
lDinimum r equirement .

13,000 Acre- feet per year, or 100 percent of the

I f the spec ific yield were 0.05, the maximum production

dominant ions are sodium and sulfat e, and dissolved-solids concentratlo:'i has a

mean of about 3 ,800 milligrams pe r liter .

This changes to the southwest,

would be limited to about 9,000 acre- feet per year , or about 70 percent of the

where the domir.ant 10ns are sodium and bicarbonate and tne mean dissolvetj -

minimum requirement.

solids concentration is about 1,600 milligrams per Utero

The d ilution

probably is caused by downward leakage fro", the overlyin

Uinta F"rm.tion

The lIIOdel also is sensitive to changes in hydraulic conductivity.

If

hydraulic conductivities were double the values shown in figure 14, the

(table 7) which is probably recharged locally by the White River .
The quality of water in the bird ' s-nest aquifer is sUllll'larized In t bl"

aquifer would be capable of supplying about 13,000 acre-Ceet per y ar, or 100
percent of

th~

the values s

minimum requ ire .. ent.

If hydraulic conductivities wer e one-half

8.

The pH changes from a mean of 7.8 in the northeast

wn in figure 14, the aquifer ..,ou~d be capable of supplying about

9,000 acre-feet per year, or about 10 pe rcent of the minimum requirement .

The model boundaries also affect the simulated r esul ts .

Table 8 (next page) near here.

I f the 8quifer

exists beyond the boundaries used i n the model, the decline i n wa te r levels

to a mean of 8.9 1n the southwest.

throughout the area would be s ubstantially decreased .

13 . 5 C in the nortneas~ to a mean of a bout 16 . 50 C in the southwe s~ .

Also, a maximum of 640

acre-feet per year discharg i ng to Bitter Creek and associa t ed alluvial aquire

(p. 80) may be intercepted by lowering water levels in the area .

Drawdown 1n

t he bird'3- nest aquifer near l.he we s te:"n border of the model (f i£ . 17) would

be sUgh t ly less than compu ted by the mode .

0

Water temperature increases from a mean of

Table 8.-Summary of chemical quality of water in the bird's·nest aquifer
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MeAn concentrations of ott.er trace elements actually increase from

All the major constituents are less conoentrated in the southwest than

in the northeast part.

Some of the major constituents show a simple pattern

of dilut i on when the aquifer water is diluted by recharge

f~om

the overlying

concentrations ir. the recharge area.

Lithium increased from about 350 to

about 490 micrograms per liter from the northeast to the southwest .

Arsenic

Uinta Formation which is probably recharged by the White River, whereas other

increased from about 9 to about 30 micrograms per liter.

solutes do not show a simple pattern of dilution.

might be attributed to the release of adsorbed trace elelllents with the

The lIIajor alkaline-earth

metals., calcium and magnesium, are near l y absent 1n the southwest.

The mean

These increases

d..!crease in ionic concentrat.ion of the wat.er from nort.heast. t.o sout.hwest. .

At.

concentration of sulfate als o 1s much less than \,ould be expected from

smaller dis.s olved-s olids concentrations and smaller concentrations of sodium ,

dil ution alone .

calcium, and magnesium are more successful in competing for exchange sites on

In contrast, alkalinity (mostly as bicarbonate and carbonate

ions) is greater 1n the southwest.

i s due to sulfate reduction.

The incr as{J of bicarbonate and carbonate

The large incr.a.e in bicarbonate contributes to

the clays.

The nutrient concentration. of the waters in the bird ' s-nest aquifer are

the prec i pitation of the alkaline-earth carbonates, and thus calcium and
magnesium are removed from solution.

Each of these processes is considered in

t he discussion of the mass-tr? nsfer model of the bird's-nest aquifer below.

diffe ren t consti tuents .

.mall.

In the northea s t, the mean concentration of nitrate is 1.87 milligrams

per liter a. N, While the concentration of ammonia is 0.75 milligram per liter
a s N.

Mean concentrations of trace constituents also are affected by the

recharge from the Uinta Format on .

Perhaps the relea.e of these trace elements is a result of the

replacement by calcium and magnesium on exchange sites .

To the southwest, the mean c.ncentration of nitrate is 0 . 02 milligram

per liter a ' ;1, "h1le ammon ia is 1.3 milligr ams per liter a s N.

However , the e ffect varies for the

nitrogen is present in the reduced form to

Mean concentrations of i ron decreased from 646

~he

southwest .

Thus , the

The concentration

microgra ms per liter in the northeast to 137 mic rogram. per liter in the

of phos phorus a ve ra ges about 0.1 milligram per liter 1n the northea.t and

sou thwest t and boron has a corresponding decrea se from 5 ,51 5 to 2, 1~O

about 0.3 milligram per liter in the .outhwest .

Clicrograms per liter .
micrograms

Strontium decreased from about 6,170 to about 1,530

per liter i n the same di rect i on, and zinc also i. diluted.

all trace elements a re shown 1n table 8 .

/lot

Dis.olved organic carbon has

a mean of 15 milligrams per liter in the northeast and is about 11 milligrams
per liter in the southwest .

The organic carbon was diluted by downward

leakage of wat.er from the overlying Uin ta Formation and also partic i pates in

the sulfate r educt i on reac tion that i. described more fully be low.
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The water generally is not suitable for irrigation or munioipal use .

Table 9 summarizes the

mass-tra.~sfer

model of the bird ' s - nest a quifer

Sulfate and dissolved-solids concentrati ons exceed the recomme nded dr inkingwater standards of the U. S . Envi r onmental Protection Agency (1911, p . Z05) .

Table 9 (next page) near here .

In the northeast, the water is extremely ha r d, and the alkali nity is large.
To

~he

southwest, the hardness decreases g r eatly , and the water is soft, but

the alka lini t y i noreases .
was h i ng

an~

The water is sui table for i ndustrial us es such a s

cooling, but it would requ i re treatment for use as boiler feed.

Mass -tra nsfer model

with water from the Whi te Ri ver i n a ratio o f

re s pe c tive ~ y .

0 . ~6

to

0 . 5~ ,

This rat i o was similar to that i nd i cated by the model of the

fl ow system and a l s o by the changes i n conservati ve elements , ch l ori de and

All prec i pi tat i on reactions except that for
modeled for the bi rd's- nest a quifer .
considered .

Wate r from wells in the aquifer in the nor theast part of the area modeled was
mixe~

NazS0~

(reaotion 6), were

An a dd itional process also was

As the wa te r in the bird ' s - nest aquifer generally moves down the

s odium.

The mi7.ed solutio", was then brought to equilibrium with sodium

magnesium 10n exchange, calcite , dolomite, and carbon dioxide, which was

greater than the atmospheric

pres~ure

of carbon d i oxi de.

At the same time,

hydraulic grad i ent from the east to the west, the dissolved-so lids

orga n i c carbon with a valance zero (CHZO) was added in the reac tion .

conce nt ra tion genera lly decreases (fig. 18 ) .

caused reduct J~ n of t he sulfate acoord ! ng to the reaction :

This decrease is probabl y due to

mixing o f the water i n the a quifer with fresh water from the Wh i te Rive r,
which leaks t hrough the over l yi ng Ui nta For mation.

•

This mixi ng and the

15CH ZO + ZFeZ03 +8S0~ Z- + HZe0 3

:;='-

~FeSZ + 16HC03 + 8H ZO

This

(Q)

Hematite (FeZ03) was assumed to be a source o f i r on , but iron from the

prec i pitation r eac tions we r e mode l ed separately, whereas in the actual ground-

carbonat e mi ne rals of the Gre en Ri ver Format i on as described by Desbourough

water s ystem they occur simultaneously .

a nd Pitman

were not availa bl e fro m t he

U ir.~a

Also , si nce water- qualit y samples

For ma t i on, i t is impossible to identify wha t

r eacti ons ac tually may be oocurri ng with in the Ui nta Formation and wha t

(191~)

also could ha ve been the source .

i n disso lved i ron was observ ed i n t he wa t e r, pyrite (FeSZ) was assumed to be a
s ink for the i ron a nd the reduced sulfu,· .

r e acti ons may be oc curri ng within the a qu i fer i tse lf.
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Because no la rge i nc r ea se
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This combination of reactions brought about an inorease in pH and
alkalinity .

The change can be seen in the plot of alkalinity versus sulfate

in figure 19 .

The calculated reaction path is indicated, and it

Figure 19.--Plot of alkalinity versus sulfate 1n the water from bird's-nest

Figure 19 (caption on next page) near here .

aquifer showing the reaction path calculated by the mass-transfer model.
generally ,a grees with the observed data.

Figure 20 •.--Pl ot of pH versus chloride in the bird' s-nest aquifer showing the

The change in pH also can be

compared with a decrease in chlor ide i n figure 20 .

Part of the pH change is

reaction path calcula ted by the mass-transfer model.

Figure 20 (caption on next page) near here.

due to the mixing of river water \/ith the aquifer water, but apparently a
carbonate-clay buffer increases the pH, as in the alluvial aquifer.
The depletion of calcium and magnes ium results from precipitation of
calcite and dolomite and the exchange with sodium from the clay minerals .

It

is not clear i f dolomite is actually being precipitated in the aquifer or i f
magnesium is merely controlled by precipitation of a high magnesium calc ite or
by sorption to clays.

(table 5) .

These react i ons decrttase the noncarbonate hardness

Because silica does not show a large variation, it was assumed

that it 1s controlled 1n solution by sorption ,"eaetians on active surfaces of
clays and Quartz .
Because of the number of components and phases i n this model, the

solution composition is determined by fixing only one of the parameters, the
partial pressure of carbon dioxide .

Thus I in a sense I a solution to the mass

transfer is forced o n the model, and the results represent only one of several

possible so lut i on"

The validity of the model, is determi ned in part by the

geochemical i ntuition used i n selecting the reactions.

lO U
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Doug las Creek Aquifer

Re harge to the Douglas Creek aquifer in the southeastern Uinta Basin

The Douglas Creek aquifer was identil ted in six test holes drilled
during 1975-78 (Holmes, 1980).

The aquifer underlies almost the entire

originates from precipitation on the outcrop area and from infiltration from
streams through alluvial deposits crOSSing the outcrop area .

Leakage from

southeastern Uinta Basin and may extend beyond the boundaries of the study

unde rlying rocks of the Wasatch Formation or from the oYG rlying Parachute

" rea to the north and west.

Creek Member of the Green River Formation probably i s i nSignificant.

The aquifer crops out in the southern part of the

study a rea at high altitudes, along the eastern border of the study area near

Discharge from the Douglas Creek aquifer is primarily from springs in

the Utah-Colorado State line, along the western border of the study area in

the outcrop area of the aquifer and discharge to the White and Green Rivers

Desolation C~ nyon I and in t.he bottoms of deeply incised canyons 1n the central

and the i r major tributaries and assoc i ated alluvial aquifers .

part of the study area.

discharge small quantities of water from the aquifer in the central P'".rt of

The Douglas Creek aquifer consists of beds of sandstone and limestone of
the Douglas Creek Member of the Green River Formation and some intertonguing
sandstone of the Renegade Tongue of the Wasatch Formation .

The top of the

Some wells

the study area.

A sUllllll3ry of the ground-water budget for the Douglas Creek aquifer is
presented i n table 10.

aquifer no"ma11y is Just below the lowest sequence of the fine - grained beds in
the upper part of the Douglas Creek Member or the lower part of the Parachute
Creek Me~ber of the Green Ri ve r Format i on.

Table 10 (next page) nea r here .

The aq uife r gener a lly i s about 500
Recharge

f eet th i ck, but i t may be thicker than 1,000 f eet i n the center of the baGin .
Wa t er levels i n t he aqu i fer vary from a f e w f eet below l and sur face in the
bo tt om of deeply incised canyons 1n the southern part of the study area, to
more than 100 feet above land surface 1n the central and northern parts of the
study area .
The results of aqu i fer tests of the Douglas Creek aquifer show a range

in transmissivity from 16 to 170 feet squared per day and an esti mated range
i n the s torage coefficient from about 7 x 10- 4 to 2 . 5 x 10- 4 (Holmes , 1980, p.
1).

Permeability is primarily intergranular; although locally, fracturing may

i nc rea se t he permeabili ty and enhance trans:tiss t v i t y .

The aqu ife r i s under

water - table c onditions whe re it crops out 1n t he southern part of t he stud y

ar ea and unde r arteSian c ond i t ions i n

t.he c entra l and northern pa :'"ts .

y ields to lndlv dual wells completed in t he Dou la s Creek aqul f . ;!:"
e::;; ' ina e::

0 b~ Ie:;::; thar. 500 (~ll on s pcr r::::':i Ji.t. .

106

2:"1l>

tia ximu m

Rechar ge to t he Doug l as Creek aqu ifer is from pr ecipi t ation a nd
1nfi l tra tion from streams .

Precipitation
Table 10.-Summary 01 ground·water budget lor the Douglas Creek aquiler

Recharge from precipitation on the outcrop of the Douglas Creek aquifer
1s estimated to average 18,500 acre-teet per year.

Component

The recharge occurs at

Long·term average

high altitudes in the southern part of the study area where the Douglas Creek

(acr.·leet per year)

aquifer crops out or 1s near the surface .

Precipitation 1n the outcrop area

ranges from 1~ to 20 inches per year (S. O. Waltemeyer, U.S. Geological

Recharge

18,500

Precipitation .

920

Infiltration Irom streams
Total

19,420

Survey, written cOlDIDun., February 1, 1980).
Estimates of recharge from precipitation are based on base flow during
December through February as measured at continuous-record gaging stations I
partial-record sites, or miscellaneous-measurement sites (fig . 2) located

Discharge

18,500

Springs in the outcrop area 01 the aquifer

downstream from the outcrop of the a~ulfer .

Measurement of base flow at these

sites during December through February represent average discharge from the

White and Green Rivers and major

tributaries and associated a11u'/ial aquifers

Wells
Total

920

aquifer during a long time .

250

discharged by springs in the canyon bottoms and that the aquifer is in steady-

19,670

If it is assumed that all the recharge is

sto:!te conditions I then the measured discharge in the canyon bottoms must equal
the recharge .
Infil tration from streams
Recharge to the Douglas Creek aquifer from stream infiltration was

estimated from a digital-computer model to be 920 acre-feet per year.

The

recharge occurs along "",jor tributaries of the White and Green Rivers in the
central and southern parts of the study area where the aquifer 1s at or near

the surface.

Streamflow infiltrates the Douglas C.'eek aquifer after paSSing

through thick alluvial deposi ts ,

In the central and northern parts of the

st udy area, the aquifer is overlain by the relat i vely imperm~able marlstone I
sll\.stone, and oil-shale beds of the Parachute Creek Member, which prevent
rechargE: .

10 0

Springs in the outcrop area of the aquifer
Movement

Discharge from the Douglas Creek aquifer through springs in the southern

Water in the Douglas Creek aqu1.fer generally moves from recharge areas

at high altitudes in the southea.tern part of the study area north or

part of the Jtudy area is estimated to be 18,500 acre-feet per year.
Seepage to the White and Green Rivers and major tributaries

northwest toward discharge areas along the Green and White Rivers and perhaps
to other more distant discharge areas.

In the southern part of the study area

Discharge from the Couglas Creek aauifer to the White and Green Rivers
and to major t ributaries is estimated from a digital-computer model to be 920

where the ",quifer is incised by deep t narrow canyons, some ground water

acre-feet per year.

probably moves toward discharge pOints at numerous springs in the canyon

weste rn parts of the study area where the potentiometric surface of the

bottoms.

aquifer is

the bottoms of the canyons.

Wells

Storage
The amount of recoverable water stored in the Douglas Creek aquifer is
estimated to be 16 million acre-feet .

abov~

The dischar'ge occurs in the central, northern, and

The estimate is based upon an areal

extent of 2 t JOO square miles, an average thickness of 500 feet J and an average

specific yield of G. 02.

Discharge from the Douglas Creek aquifer through wells is estimated to
be 250 acre-feet per year .

Host discharge is from producing or abandoned gas

wells in th~ central part of the study area where artesian pressure causes
water to flow at the land surface .

Water-level measurements from the six test holes indicate that water--

leve l fluctuations are less than 10 feet per year.

The fluctuations probably

about 1 to 35 gallons per minute.

Discharge from these wells ranges from

Well (D-l~-22)2aaa-l (fig . 2), provides

water for domestic use at the Geokinetics Inc . oper ation (fig . 1) .
Digital-computer model of the flow systea:

are due to seasonal var iat.ions in the balance between recharge and discharge .

Discharge
Ground water in the Douglas Creek aquifer is discharged by springs in
the outcrop area of the aquifer, seepage to the White and Green Rivers and
major tributaries, and well s .

simulation of an arteSian aquifer with lea ky streambeds yas used to

model part of the flow system in the Douglas Creek aquifer.

The aquifer

boundaries, grid Size, and leakage nodes used 1n the model ::lre shown in figure
21.

Figure 21 (ca ption on next page ) near here.

1 '

111

The aquifer is under water-table conditions south of the area modeled,
but that part of tl>e aquifer was not included in the model because of
1 """ rficient data.

The southern ex , , nt of the model is at the approximate

outcrop of the aquifer in the bottoms of the major dra i 'lages .

The effects on

the simulated results on setting the boundary at these locations should be
:-igJ ,'e 21.--Aquifer boundaries, grid size, and leakage nodes used in the
digital-computer model of the Douglas Creek aq uifer.

minimal.
Input data for the model include transmissivity, storage coeffiCient,
vertical hydraulic conductivity, altitude of leaky streambeds and river heads,
confining-bed thickness, initial heads, and boundary condit ions .

Sources of

t he i nput data can be found in Conroy and Fiel ds (1977), Conroy (1919 and
1980), and Holmes (1980).
Values of transmis3ivity used 1n the model are based upon aquifer-test
resu lts given in Holmes (1980), and values were extrapolated to areas where
data were not available.

An a rtes ian storage coefficient of

t hroughout the modeled area.

x 10- 4 was used

Values of transmissivity used in the model

ranged from 25 to 100 feet squared per day and may diffe r somewhat from poin ~
values because they are applied to a much large r area and represent an average
value for that area.

The va lues for transmissi vity used i n the model are

shown in figure 22 .

Figure 22 (caption on next page) near here.

River leakag'! nodes were used 1n the canyon bottoms of the Green and
"ni t e Rivers nnd In Hill f Wi llow t Swee t Water, Bi tter, and Evacuation Creeks

where the aquifer crops out ( fig . 21).

The vertical hydraulic conducti vity of

the confining layer between the streambeds and the aquifer was estimated by

trial and error during calibrat i on of the model.
per sec ond was found to give the best resul t s .

value of 3.5 x 10-9 foot
The thickness of" the confini ng

layer bc :,w(;:cn t.he st. reambeds and aqu ifer was obtained

,~?

J rom

table 2 .

No-flow boundaries were used on the eastern, western f and southern part

of the study area where the aquifer crop. out .

For computational purpo.e., a

no-flow boundary also wa. used on the northern edge of the .tudy area,
although .ome water may be moving out of the modeled area in thlo direction.
Calibration
Figure 22 . --Tran.m1ssivity of the Douglas Creek aquifer used in the digitalCalibration of the steady-state model was obtained by setting all
computer model.

storage ter ... to zero and varying transmissivity and vertical hydraulic
conducti vity

obtained.

unt~l

a reasonable match between computed and measured heads was

Little water-level data that could be used in the calibration of

the model .ere available for the period before this study .

Although abandoned

gas wells had been used for livestock watering for more than 15 years, waterlevel measurements had not been made at these wells.

Water levels are

estimated to have decl i ned as much as 100 feet at and near these wells, but

the regional potentiometric surface probably has not changed significantly.

I !5
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The final steady-state solution for the potentiometric surfac", and areas
of recharge and discharge are shown in figures 23 and 24.

The potentiometric

Figures 23 and 24 (captions on next page) near here.
Figure 23 .--PotentiOll'.etric-surface contours of the Oouglas Creek aquifer,
surface produced by the model generally is within 20 feet of measured values,
and no r.lmputed water level differed by more than 25 feet from the measured
value for the same node .

Only six data points were considered reliable for

computed by the digital-computer model.
Figure 24 .--Distribution of recharge and discharge, computed by th c digitalcomputer model for the Douglas Creek aquifer.

cal.!. bration; thus owing to the large area covered, the model 1s considered at

best an approximation of actual aquifer conditions.
The steady- state model indicates a net recharge rate from s t ream
infiltration of about 920 acre-feet per year, as follows:

Evacuation Creek,

210; Sweet Water Canyon Creek, 260; Willow Creek, 20; and Hill Creek, 430.
The resu lts of the model were compared wit h streamflow record s at gaging

stations 09306760 and 09306780 on Sweet Water Canyon (fig . 2).

Streamflow

losses between the two stations during each January from 1975-79 amounted to
about 280 ac"e-feet per year.

This compares closely with about 260 acre-feet

per year calculated by the model for this

r~ach

of the canyon .

Discharge from thr aquifer also was calculated to about 920 acre-feet
per year, as fo llows:

Bitter Creek, 120: White River, 230; and the Green

River, 570.
Simulated effects of oil-shale development
Effects of oil-shale development on the Oouglas Creek aquifer should .be
minimal.

The aquifer 1s separated from the proposed mining zone at fed eral

lease tracts Ua and Ub by about 400 feet of fine -gra ined sed iments of the
Parachute Creek Member.

The constr l'c tion of a reservoir on the White River

will have Uttle, if any, effect on the aquifer.

The only major effect would

result from with rawal of ground wate r from the aquifer to supply water for
development.

11 6

1 7

The model was u.ed to eO
valuate the potential of the Douglas Creek
aquifer to yield large amounts of water for oil-shale development.

The

production wells were simulated near the Federal lease tracts Ua and Ub and
near the TOSCO Corp . site at Sand Wash (fig. 25) .

The simulation indicates
Figure 25 . - -0rawdown in the Douglas Creek aquifer after 20 years of .imulated
wit hdrawals ,

Figure 25 (caption on next page) near here

comp~ted

by the digital-computer model.

that the aquifer 10 capable of supplying some water for oil-shale development.
Total maximum yield from the two simulated wells would be about 700 acre-feet
per year during a 20-year life for a mine, and at the end of 20 years, the
water levels in the production wells would be near the ba.e of the aquifer,
but because of the steep gradients only n small area around the wells would be
under water-table conditions.

The draw( owns in the Douglas Creek aquifer

after 20 years of pumping 500 acre-feet per year at the TOSCO Corp. site and
160 acre-feet per year at tracts Ua and Ub are shown in figure 250
Sensitivity

tests were used to evaluate the model response

~o

changes

i n transmissivity I storage coefficient t vert ical hydraulic conductivity, and

boundary condition. 0 The range of values u.ed in the sen.itivity tests
reflects the confidence in the data.

A 10-fold increase in storage

coefficient and vertical hydraulic conductivity of the confining bed had
little effect on the simulated results.

A 2-fold increase in transmissivity

resulted i n a total maximum production of about ',400 acre-feet per year from
the two simulated wells.
wes

Replacing the no-flow boundaries on the north and

with constant-head boundaries to allow for possible inflow from outside

the model boundaries had ve ry little effect on the model results .
It. is estima t ed that a pumpi ng c enter 1n the southe rn pa r t of th e study
area could supply an add! l anaI 700 acre -feet of wate r per year from the
Dou la s Creek aquife:", or a to a1 of 1,"00 ac re - feet. pe r year , hut som'"
in t e rl e rence bet.wee n . . . e11 f ie1ds cou d bt: expec t.
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Quality
Chemical and physical characteristics
There are distinct variations of the water quality in the Douglas Creek
aquifer.

For the purpose of discussion, the aquifer can be divided into

southern, central, and northern parts, shown in figure 26.

These divisions do

Figure 26 (caption on next page) near here.

not exactly parallel the potentiometric surface shown in figure 23, but they
do represent changes in the quality of the water in the general direction of
flow.

The quality for each part is summarized in table 11.

Table 11 (ne xt page) near here .

Wate r in the southern part of the aquifer most closely resembles the
water from springs that discharge in canyon bottoms.

This water is dominated

by sulfate, bicarbonate, sodium, magnesium, o' calcium as a result of
reactions that take place in the recharge area (Kimball, 1981, p . 10-13) .

As

the water moves downgradient in the aquifer, further reactions cause
additional changes in the chemical quality.

In the central part of the

aquifer, bicarbonate (plus carbonate) becomes more abundant than sulfate,
calcium and magnesium concentrations decrease and sodium increases .

In the

northern part of the aquifer, sulfate , calcium, and magnesium concentrations
are almost zero and bicarbonate, carbonate, and sodium are the most abundan
ions.
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The dissolved-solids concentration increases from south to horth in the
aquifer (fig. 26).

This change is in the direction of the now path.

Water

temperature also increases along the flow path f rom a mean in the south of
about 190 C to a mean in the central and northern of abC'ut 2~oC .
Figure 26.--Variation in dissolved-soUds concentrations and chemical
character of water in the Douglas Creek aquifer.

The mean value of pH in the southern part of the aquifer is 8.2, in the
central part it is 8.7, and in the northern part it is 8. ~ .

Sulfate reduction

and the precipitation of carbonate min.,rals result in an increase of hydrogenion concent.rati ons.

aqu ifer.

Thus I pH should decrease from

901.' ·'1

to north in the

It is possible that the decrease from the central to the northern

parts of the aquifer is due to pH control from these reactions, but i t is
unclear if these mean pH values are comparable as a continuous sequence .

The

mass-transfer model below describes the general changes 1n pH as the reactions
proceed.

i2:::

As the concentration of calcium decreases in the aquifer, the
concentration of fluoride generally increases.

The mean fluoride

concentration in the southern part of thE aquifer is 0.3 milligram
in thc central part it is

2.~

p~r

liter,

milligrams per liter, and in the northern part

it increases to 7.7 milligrams per liter.

Although fluorite (CaF 2 ) was not

detected by X-ray diffraction in the aquifer materials, its solubility could
control the conentration o f fluoride .
control the concentra ions .

Apatite

Ca5(PO~)3(F)

also could

With lesser concentrations of calcium, t he

solubility relations allow the concentrati on of fluoride to increase .

These

greater concentrations of fluoride in the northern part exceed water-quality
criteria

~stablished

The mea

by the U.S . Environmental Protection Agency (1976, p. 5).

concentration of silica in the aqu ifer generally remains

constant at about 15 milligrams per liter .

Although this

ex~eeds

the

concentration that would be present if silica were controlled by the
solubility of quartz, it

s cons ide rably less than the solubility limits of

other silica phases.

n the other aquifers, the silica concentration is

As

very llkely control led by sorption reactions wi h the clay minerals that are
abunda nt

n the aquifer materials .

A few traoe elements were determined in samples from the Douglas Creek

The change In the predollinant nltrogen specles In the Douglas Creek
aqulfer ls slllilar to that In the blrd's-nest aquifer.

As t he water becomes

aquifer.

The concentrations of boron, i ron, and manganese show two different

Clore r!duci.ng, the dominant nitrogen species change from nitrate to ammonia.

patterns in the aquifer.

In the southe rn part of the aquifer, the I!'ean conce nt rat ion of ammonia is 0.06

aquifer have a mean of 250 micrograms per liter, wh i ch increases to 550

mUllgra .. per llter as N, In the central part It i nc r eases to 1. 00 ..illlgram

mic rograms per liter in the central I'art and 6,890 .. icrograms per liter in the

per II er, and I n tr.p northern part It increases to 2 . 35 mUllgrams per llter .
Nitrogen, as n i. trate I on the other hand I has a mean of about 0.20 milligram
per liter

as

N i n th"! soutnern part and decreases to 0.01 milligram per liter

or less In the central and northern part s .

northern part.

Boron ooncentrations in the southern part of the

I n the northe rn p:

contr ibution to the

titra ~ 1 on

the aquire

alkall,.

I

boron makes a small

The i ncrease cf boron most likely

res ults fro m incr eased contact of the aquifer water with the rocks of the
Green Rl ver Format ion .
In contrast t o boron I the mean concentrations of iron and manganese
decrease in the wa ter from south to north ~

Both iron and manganese form

sulfide minerals, and the sulfides (par l cularly pyrite, FeS2) are present i n
the "quifer materials .

As sulfate reduction takes pJace in the aquifer, the

abund3nce of sul fide species increases f and tnese spec ies are available to

precipitate as metal sulfide minerals.

Thus, one would expect the

concentrat i ons of lron and manganese to decrease in solution .
During test - drill i.1

operations, water was encounte red in the Douglas

Creek Member of the Green River Formation which was of diffe r ent chemical
quality than the water in the Douglas Cr eek aquifer .

At wells (D- 1 1-2~)7acd - 1

and (0-12-22) 1bbb-1, the water t n a zone nea r the top of the Douglas Creek
Member had a large dissolved-solids concentration .

Measurement of speci f ic

conductance during drilllng i n the two wells i ndlcated maximum values of
~5,000 and 33,000 micromhos per centimeter a t 25 0 C (Holmes, 1980, tables ~ and

12) .

A sample collected during drilling at well (D- 13- 23)26bdc-l had a
dissolved-solids concentration (~um of constituents) of ~,935 milligrams per
liter .
wa~

Host of the dissolved solids were sodium and bicarbonate .

The water

Mass-transfer model
The mass-transfer model of the Douglas Creek aquifer, which is
summarized in table 12, was divided into two segments.

The first segment

similar to the reduced water in the northern part of the Douglas Creek

aquifer in terms of general chemical character, but it contained extremely
large conoentrations of fluoride and boron.

110 milligrams pe r liter.

Table 12 (next page) near here .

The concentration of fluoride was

Such a large value only could be possi ble when

followed the changes in chemical character of the water from the southern to

calcium is' vi rtually absent from the solution due to the precipitation of

the central 'part of the aquifer.

calcite.

changes from the central to the northern part of the aquifer.

Such a condi tion i n Lake Magadi, Kenya , results in similarly large

The second segment modeled the s ubsequent
The wells in

concentrations of fluoride 1n a sodium carbonate brine (Jones and ot hers,

each part of the aquifer and the changing chemical character of the water are

1977).

shown in figure 26.
The boron concentration was 70 milligrams per liter .

The wate r is not

The change in pH through the aquifer and the changes in

major constituents were attributed to sodium magnesium ion exchange,

i n a part of the Creen River Formation that contains e vaporite minerals; thus

equilibrium with calCite, dolomite, and carbon dioxide, and reduction of

such a large boron concentration may be a result of some residual "connate"

sulfate by organic carbon.

water present i n the formation.

reaction path is shown in the plot of alkalinity versus sulfate in figure 27 .

The sodium bicarbonate brines of anc i ent Lake

These reacti ons Wer ! modeled and the predicted

Uinta (Bradley and Eugste r, 1969, p. B63 : ~robably also had large boron
concentrations.

This water 1n some r espects is similar to the "black water"

described by Dana and Smith (1973).

Figure 27 (caption on next page) near here.

The water commonly has a distinct green

color when it discha rges from a well.

Once again, there appears to be a carbonate-clay buffer for the pH.

Although the water from the Douglas Creek aquifer is not suitable for
irrigation or public supply, i ndustrial uses such as wash i ng and cooling wou ld
not be prohibited by its chemical quality .

The values of alkalinity are

large , but in the north and central parts I the hardness is small .

The

increase in alkalinity is due to the reduction of sulfate.

The

A few analyses of

gas from wells down the hydraulic gradient in the Douglas Creek aquifer

consistently showed the presence of methane I carbon dioxide, and hydrogen

sulfide, which are all products of the proposed reactions .

Methane is

dissolved-solids concentration is less than that of the water i n the bird' s-

produced by the further breakdown of organic carbon (Thorstenson and others.

nest aquifer.

1979, p .

Ad mixtu re with any of the very saline wate r from nea r t he top

1~ 93 ,

reaction 12).

of the Douglas Creek Member I however , ....ould decrease the usefulness of t.he
""'oLe r from Lhe UOUet1as Creek aqui f er .
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Figure 27 .--Plot of alkalin! ty versus sulfate in the Douglas Creek aquife r
showing the reaction path cal culated by the mass-transfer model.

The construction of a r bservoir on the Wh..,te River would oause water

SUMMARY
Ground water in the southeastern Uinta Basin 1s found in three principal
aquifers.

Alluvial aquifers are in unconsolidated valley-fill deposits along

major drainages .

The bi rd' s-nest aquifer is in the Paraohute Creek Member of

the Green River Formation in the oentral part of the study area.

The Douglas

Creek aquifer inoludes parts of the Douglas Creek Member of the Green River

levels to ri.e between 0 and 45 feet in the bird' s-nest aquifer .

Downward

leakage from the overlying Uinta Formation may probably inorea.e substantially
due to the construe tion

0

f the reservoir.

The Douglas Creek aquifer con.1sts of beds of sandstone and limestone of
the Dougla. Creek Member of the Gre., River Formation and sandstone beds of

Formation a nd .ome intertonguing bed. of the Renegade Tongue of the Wasatoh

the Wasatoh Formation.

Formation.

and maximum y·ield. to indivdual well. probably are less than 500 gallon. per

Alluv ial aquifers are small i n areal extent and have relatively small
hydraulio conduotivities.

An estimated 675,000 aore-feet of water is stored

in a lluvial aquifers, but maximUID yield. to individual well. are less than
1,000 gallons per mi nute .

Reoharge is primarily from stream i nfiltration and

Recharge is primarily from precipitation and di.charge is mo.tly

through springs in the outcrop area of the aquifer.

An estimated 16 million

acre-feet of water is recoverable.

A digital-computer model of the Dougla. Creek aquifer i nd ioates that the
aquifer could supply a maximum of about 1,400 ac r e -feet per year for oil-shale

discharge i. mainly through eva potransp i ra tion .
Th'! bird I s - nest aquifer contains solution cavities caused by the removal
of read il y soluble nahcolite.

",inute .

The transmissivity of the aquifer i. relati vely small,

Wh e re t.hese cavities are connected by fractures

or Joint., the i'ermeabil ty is ino r eased signifioantly.

An estimated 1· 9

development.

After 20 years of pumping, water lp.vels in the produotion wells

could be near the base of the aquifer .
The chemical quality of the ground water shows considerable variation .

million acre -reet of recove rable water is stored 1n the bird I s -nest aquifer,

Water from alluvial aquifers is characterized by large concentrations of major

and y ields to individual wells in . ome area. may be a. much a. 5,000 gallon.

d issolved solids and boron.

per minute.

Reoharge is mainly from .tream infiltration along Evacuation

Of the two aquifers in consolidated rocks, the

Douglas Creek aquifer has the least mineralized water.

None of the water 1s

Creek and downward leakage from the overlying Uinta Formation, and di.oharge

suitable for irrigation or publio supply, but all the water oould be u.ed for

is to the White Ri ver and upward leakage to Bitter Creek.

s uch indust r ial uses as wash ing and cooling .

A digital-compute r model of t he flow system in the bird ' . -ne.t aquifer
indicates that the aquifer could . upply about 20,000 aore-feet of water per
year for the oil-.hale industry.
r£~ t.

Drawdown. from pumping about 10,000 aore-

per year near the Federal lease tracts Ua and Ub after 20 years would

range from more than 250 feet near the simulated pump i ng wells to bet ween
about 20 and 200 feet at the boundaries of the model.

Dewatering durlng

construction of a ver tical acceS3 shaft. on Fede ral lease tracts Ua anc! Uo
¥'"o uld r eq uire a ;>uo;nnc rat-I! of about 900 Oil 10n!} pe:,

131
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The variations i n water quality .lan be explained by m,,"s- transCer models

Bradley, W. H. , and Eugster, H. P., 1969, Geochemistry and paleolimnology of

that i nclude specific reactions for sodium magnes i um exchange on olay

the Trona deposits and associated authigenic mirerals of the Green River

minerals, reduct i on o f sulfate by organic carbon, mixing of differen t water

Formation of Wyoming:

sources, and equilibrium with calcite t dolomite I sodium sulfate minerals I and

carbon d i oxide .

Chemical changes in the alluvial aquifer i n Bitter Creek

result from e vapot ransp i rat ion and s ubsequent mineral prec i pitation .

In the

bI rd t !!I-nest aquIfer I a mixing model is combined with cation exchange, sulfate

reduction, ar,d ·mineral prec ipitation to explain t he changing "ater qua h ty .

U.S. Geological Survey Profe.sional Paper Q96- B,

71 p.
Butler, J. R. , and England, J. L., 1979, Vegetation map of the southeastern
Uinta BaSin , Utah and Colorado:

U. S. Geologica l Survey Miscellaneous

Investigations Series Hap 1-11 41 .
Cas hion, W. B. ,' 1967, Geology and fu el resources

or

Cation exchange I sulfate reduction, and mineral precipi tat i on also can account

southeaste rn Uinta Basin, Utah and Colorado:

for the change in water quality in the DoUg.dS Creek aquifer .

ProCessional Paper 5Q8, 48 p.

southwest Texas :

cementat i on :

I

1919 I Clay diagenesIs i n Wilcox sandstones of

Journal of Sed imenta ry Pet rology , v. 49, no. 1, p. 55-70.

Brad ley, W. H. , 1929, The varves and climate of the G een River epoch:

U.S.

Geological Survey Professional Paper 158-E, p. 85-110 .

U. S . Geological Survey Professional

Paper 168 , 58 p.

Board Water Resources Circular 12, 38 p .
Conroy, L. S . , 1979, Hydrologic a nd cli l!l;l tologic data, southeastern Ui nta
U.S. Geological Survey Open-

File Report 79 - 1493 (duplicated as Utah Hydrologic- Data Report 33) , 191
p.

_ _1980, Hydrologic and climatologic data, southeaste rn Ui nta BaSi n, Utah

_ _1948 , Limnology a nd the Eocene lakes of the Rocky Mountain region :

and Colorado, water year 1978:

U. S. Geolog i cal Survey Open- FHe Report

80-1 025 (duplicated as Utah Hydrologic-Data Repo rt 34), 166 p.

Geological SOCiety of America Bulleti n, v . 59 , p . 635-648 .
_ _ 1964 I Geo logy and Green River formation and associated Eocene rocks i n
southwestern Wyoming and adjacent parts of Colorado and Utah:

Colorado Water Conservation

BaSin , Utah a nd Colorado , water year 1977:

_ _ 1931, Or igin a nd Microfossils o f the oil Shale of the Green Ri ver

Geological Survey ProCessional Paper 496- A, 86 p .

Geohydrologic data from the Piceance Creek Basin between the White and
Colorado Rivers, northwestern Colorado.

Implications of smecti t e diagenesis on sandstone
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ALLUVIUM
PARACHUTE CREEK MEMBER OF THE GREEN RIVER FORMATION
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RENEGADE TONGUE OF THE WASATCH FORMATION
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WASATCH FORMATION
---...

OIR CTION OF GROUND·WATER MOVEM ENT

(VerllCal scale exaggerated)

Figure 4 -01 grammatic geohydrologlc section of part of the southeastern Ulnt Basin showing
direction of ground-water movemen t. (Geology adapted from C shion. 1967.1
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Figure l8.- Variation in mean dissolved-solids concentrations and
chemical character of water in part of the bird's·nest aquifer.
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bird ·s·nest aquifer showing the reaction path calculated
by the mass· transfer model.

Figure 20.-Plot of pH versus chloride in the bird·s.nest
aquifer showing the reaction path calculated by the
mass-transfer model.
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